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ABSTRACT

The dispersion of a population of blue grouse was analyzed using
data from a breeding range on east-central Vancouver Island. During the
Aunmers of 1959-1962, tha locations, densitics, vegatative preferences,
and behaviour of grouse were studied using several habitats with varying
donsities of vegetation., A removal experiment was performed in different
habitats to test the effect of interaction and selection of habitat on
Lthe dispersion of males.

All adult males and a few yeorling wales were territorial, and
territories were spaced in a near-uniform pattern., Within a given season,
males removed from their territories were seldowm replaced by other adults,
suggesting that no surplus of non-territorial adults was present. About
half of the yearling wmales were prevented from establishing territory by
the preseuce of adults, and these ye&rlings were attracted to-the vieinity -
of territorial males. The loéation of territories by newly-adult males
did not depend significantly on the number of tetritsriea alreody present,
cven though the tendency towaxrd uniform spacing was preserved. Comparison
giih other studies indicated that territoty size ond possibly the fraction
of yearling malec in the population were inversely related to the density
of males. Females restricteq their mqvementa”while on the breediug range
but were not territorial, No pair-bonds were cbserved but females stayed
' near te;ritqrial maies prior to nou;ing. ‘After the hatch, thé_locutions
_of fenal?s and broods bore no xelation to each other or to tha positions
of males. Interaction apparently had no effect on breeding numbexs.

All birds preferred sparse vegetation to dense. ‘then compared to
f:hﬁ&oalj-éﬁﬁién'ﬁéinfn; ;é;ilédrieh'ﬁeré found more often in areas with
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sparse vegetation, elevated points, and patches of open ground, Within
opon habitats, nents were usually located where cover by logs, stumps,
and ground-level vepetation was high, and cover by doad plants and litter
vas low. Bronds werc associated with moist areas and other areas having
heavy cover by vegetation at the ground level,

Chicks apparently dispersed widely between their first and second
gsumners, In their third summer, males usually returned within one-half
mile of the positions they used as ycarlinga. Once territories ware
eotablished, the owners returned to them in succeeding summers., Females
one year and older showed a fairly eccurate return to their prevtods '
locations,

The dispersion was described somewhat theoretically Byucbnsﬂdqfing'
the summor population to be grouped into two types of aggvegations. &ha.
first, found in the earlicer half of the summer, was caused by the‘attf@ction:
of yearling males and lone females to territorial mnlea;““thér}'honﬁ‘wlth; S
their broods were the dominant groupings. The spacing, movemnhts, and
habitat preferences seemed to be adaptations nlldwgng such populat;bpa to

rapidly exploit new habitats,
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INTRODUCTION

This thesis attempts to describe and explain dispersion, or local

diotribution in a population of blue grousc, Dendragapus gbscurus fuligine

ogus, on its summer rAnge. The affocts of social intoraction and habitat
salection on dispersion of territorial males, non-territorial males, females,
and juveniles are examimed, Particulax attention is paid to certain quastions -

as yet little studied on this species. Somo of these questions are:

1, How fully can the dispersion of the grouse be explained by intra-
specific interaction?

2. How important is this interaction in the control of numbers?

3. Other than interaction, what factors affect the disporsion of the
populationt

4, How important to spacing are summer movements and the dispersal of

Juvenile birde?

5. | Hﬁat sort of soclal orgunization ia shown bylthese birdé oﬁ tﬁair"
breeding range?

These questions were framed with the male blue grouse in mind and
the report stressecs explanation of dispersion in the males. Diuperuioﬁ of
females and youug in discussed more briefly.

Since information on dispersion in birds is scattered through the
litcraturc, a complete review of the subject will not be includgd here.
Many studies on territoriality, habitat selection, and ldcial organization
have appeared and relevant papers will be mentioned throughout the text,
The tera ''dispersion" is uﬁed in thie report as 1n.Hynnc-Edua:d:s_(1962)
book which is the most recent general work on diepersion. The most recent

and detailed work on the biology and ecology of the coastal blue grouse is

" that of Dondell (1954)." The vreader should keép in wind that these comstal

© mer - ot e . [

about the end of March and ascending from July through September.



DESCRIPTION OF STUDY AREA AND VECETATION

The study area was located in the Quinsam Lakes region of Vancouver
Island approximately eleven mlles southweat of Campbell River, British |
Columbin., Fig, 1 shows the region covered, a roughly circular arca npproxi?
mately three miles in diameter, bounded on the south by Middle Quinsam Lake,
The study area used by Dendell from 1950 to 1953 lies six miles to the enég.-
(Bendell, 1954), _

Most of the area consists of iow hills nepgtnted by temporary ponda,
small streams, swamps, or peat bogs in the deﬁressiop{. Priér to logging A
and burning the area possessed n'ﬁhmid iittornl élimﬁkg with:nn qvofﬁge‘
annual temperature of about 50°-Faﬁr. and rainfnll'oﬁ.éo?eo.in, per year.
The original soil was concretionary brown or minimal podzo; fKrajina, 1959}
1964)., Throughout the study there was a greater rnnge in temperature ﬁnd
hunidity on the study area than in surrounding foreated scctions. At this -
time it was also clear that fire and crosion had much reduced the upper
layers in the soil profile. ‘ ‘

Originally the area was mature forest, defined Ly Rowe (1959) as the
southern coast scction of the Coastal Foreat Region., By Krajina's classi-

fication the area was a mixture of Douglas f£ir (Pseudotsupgn menziesii) and .

western hemlock (Isupa hetorophylla) bioclimatic zoned. Two severc forest
£ircs have affected thn‘area (Fig. 1) and the vegetation is now that of
early successional stages, The extent of the fireé, the type of raogencr-
ation, and the presence of plantations of Douglas fig (resulting from
reforestation programs) have caused the area to develop four main tyﬁea

of vegetation. On the bosis of structurc and density these arc called = -
Very Open, Open, Dense, and Very Dense. = :H

The Very Open and Open types were found within the area burned in



burned 19852 o} 1938

VERY OPEN

‘Figure . Study area, showimg plots (see text), main gones
of vegetation, lakes and mvamps. Dashed lines
separate vegetational zomes. Scale: 1/8" = 200',



1952, Vory Open parte were those showing a light cover of willow (Salix
Bpp., malnly S, sitkenris) oand practically no coniferous cover, oven on
nome soctions where fiv plantiong had been attempted in 1958 (Pig. 2). This
was the moot common type over the study area, Open areos showed a slightly
heavier deciduous cover and much more coulfer. These arcas were reforested
in 1953 (Fig, 3) and, as in the £{vst type, most of the coniferous cover
was Douglas fir., '

The Danse and Very Dense types were located within the houndnfies
of the 1938 fire and apparently obtained their coniferous cover Ehrdpgh
natural as well as artificlal regenoration. The cover by dcciduqua.tiaes
was about the same in these two Eypea and was heavier than that of'the
open types. The two diffeved in amount of conifer. The Dense arcas weré
partly replanted and showed a mixture of red cedar (Ehgjg.glicﬂfn), fif,
and hemlock (Fig. 4). The Very bcﬁae'nfcua éﬂoﬁéd tﬁ;“ﬁ§ﬁ§;;;t.c§§ér'ﬁy |
conlfers and, although several species were preaent, the mixture was
dominated by hemlock (Fig. 5). Some planting had been done héio but most
roegeneration seemed to have been natuyal. This was the least common type
over the study area,

Hundred-foot line-intercepts and yard-square quadrats were usqd
to describe the four types of vegetation more r;gqrously; 'Thé_long;h of |
cach portion of a tree or other major structure that wan "cut" ﬁ; a line
was measured to the nesrest 0.1 ft., and the height to the neﬁregc 0.5 ft.
The quadrats werc located at 20 f£t. {ntervals n;ong the lines an@, on these,
the arvea covered by logs, rocks, litter, bare asoil, nnd'each:plaﬂt'speéies
wag estimated to the nearest 10%. Spgcieauqoyefing_léas than,lozmoﬁ;q,h_,
quadrat were listed only as being preqent, gud_wn;e later given an_arbitrary

value of 2 or 5% aebendinﬁ.on the size of the Species. Somelplant species

- - - P T Y T T



Pigure 2. Phatograph of Very Open habitat,
fall, 1962, Rod shown is divided
into one=-foot intervals.

rigurc 3. Photograph of Open habitat. Some
Dengse habitat shows in background,



Figure 4, Photograph of Dense habitat,

I"L_gilt_c 5. Photograph of Very Dense habitat,



and otlhetr elements were eetimnted by hoth methods and, in these cases, the
quadrat f£igures wvere romarkably close to the more accurate line-intarcept
figures. The more {mportant totals are given in Table 1 below and further
information from these analyses is given inm the oppendices.
Table I, Description of vegetative and aother cover on
four main habitats from line-intercepts and
yuadrats measured in September, 1962, Figures

in fivst four rows arc from linns, last three
rows from quadrats.

Tvpe of vegetation
'al e t

Structural elemen Very Open Open Dense  Very Dense
Coniferous species 2% 28% 45% 157%
Deciduous species 13 16 26 24
Salal (Gaultherta shallon) 10 15 22 kY
Logs und stumps 14 11 L 15
Number of lines 13 13 13 11
Numbar of quadrats 71 63 68 60
Grouad vegetation 21% 20% 36% 447
Bare ground and rock 24 17 3 5
Duff and 1litter 68 73 1)} 83

T i B ia Vs e W ST

Willows are the main deciduous species referred to In the table -

but gome alder (Alnus rubra) and huckleberry (Vaccinium spp.) are included

in this category. Salal is inclqdcd since it was the dominant specles at

' the grounﬂ lavel (64% of ground vegetation, on the average). Bracken fern

(Pteridium nguilinum) can be seen in the bhotogﬁapho which were taken in

“the fall.” Since this speciés 1o a late-developing one, sid aince 1 was

T F S A mmabee srme sl et Ym maN) WA e b, WA bt Ve pe e h il WAL M
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been omitted fvom the table, The duff and iitter category includes dead
leaves amd other parts of plants, mosses, rotten wood, and similar material,
The change in total cover by trees und ashirubs from Very Open to Very Dense,
neglectiug any overlap of deciduous and coniferous species, pives tome idea
of the density of the brush, The totals ar-, starting with thoe Very Open,
15%, 44%, 7%, and 99%,

It is difficult tn show the gradation in these habitats even with
the help of photopraphs, Because the four types are menticied often in tho'
Lext and because the density of vegetation was a banic factor detarmining-
the spacing of grouse, 1 include a diagrammatic representation of the four
habitats which should show the differences more clearly (Fig. 6). For.~
each habitat the line-intercept closest to the average was uqed in the |
figure (some measurements were adjusted slightly to make the‘cpva:nge
along the line mere like the average). Some species were omitced and- the
romainder were catcgorized just as in Table I,

Other types of vegetation were obvious on the area but occurved

less frequently. Some of these were:

1. Dense stands of pure alder or willow, usually in wot depressions.

2. Riparian thickets of various shrubs such as Cornus occidentnlis,
Rubus spectabilis, and R, parviflorus,

a, Dense sedge areas (Carex app.)_in_mo#at_&qprqqa;qqng '

4, Swamps in areas of slowly moving water (anichituﬁ'ameéicn&uﬁ,‘

Opoplanax horridus, etc.)

5. | Bogs in areas of stagnant water (Sphagnum 8PP+ s Ledum groenlandicum, .
Pinus contorta, etc.)

- e e s i Rt mddeee e b ke M ki s o & =y T
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Open habitat

an ﬂﬁﬂm& - \ 4\

Danse habitat
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Vcry donne hlhltn:

4& coni feraus cover,
V - deciduous cover,
Wi galal cover.

P o.M tog and etuwp cover.

Dl‘.rll -hovlng an avurage llne-trnnlect for

: each major type of habitat over the study area,
-' . spring sspect, 1962,
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HETIIODS

Bendell's (1954) procedurco were woed for observing, handling, and

individually Landing the prouse, So that their lncnéipns could be mgbpqd.

all obgervations wers related Lo known points on the study area. "Captured

or collucted birds were classified as juvenile, yearling, or adult by thedr

outer rectrices and last tvo primaries (Bendell, 1955), Woights and bursal

depths werc used in some cnsco.  Each timo a grouse was'dincovcrgd.in the _

field, notes were made on 1£s behaviour, its poa;;ion ralative to any
neighbours, and the hnbi;at-immgﬁigtely around it.

‘ An experiment was used to test the effect of intgraqtion_d@d: L
habitat seloction on the dispersion of males. During the summers éf 1959
through 1962 males were removed fron two 46-acre plots, each 100" by ?OCO
ft., starting as early in the bréqdips“qggaqn_qu popﬁiblc.i This rna:dpne:|

mainly to establish whether removed males would be rqplqce@ byioth@r males,

either within the same summer (breeding seqpqn)_or in succeeding éumqm;q,'

The experimental plota vere_nearchod‘nt_ingéryqlg‘;hgqugh the np@merﬁ'nqd
removal was continucd as long.ua male§ could bn’Eognd. For compariyén.
soveral 23-acre control plots, each 1000 by 1000 £e., wé:e nstabliﬁhad
nearby. On these, a8 over most of the study area, grounn wera obuerved
. and, where possible, caught and bnnded. Obsorvevl tried to cowver thgae,~
areas more intansively than the areas outside the plota. Dats on hours
spent on these plots are given 1n the nppandicen. .

The fairly diat;nct bpundaries of the main‘goncl'§ff§¢§qt‘ﬁion:
suggested a nnturalsexperiment on habitac selection. Fig. 1 uhouQ‘thac_.
- the four major- types-of vechBC1on came together near - tha field camp. -

-Bncnunn nf thin rhe contrn1 and nxnnrimnntnl n1nrn uarn nnr nur 4n na{vn

(l.ippled plota in Fig. 1). _One removal plot was eatablluhed in ﬁ@ry Opcn
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vogetation (similar to thar showt in Fig. 2) and the other In Very Dense

ad jacent to {t (a8 in Fig, 5)., Ramoval of males from the contrasting arcas
was done to tast habitat preferences of incoming males as well as to test
the effoct of resident moles on other birds. ‘The main pair of control plots
wos algo set in controsting habitats but here the difference was uot go
strilting since one was in Dense vegetation (as shown in Fig. 4) and the
other in Open (as in Fi{g., 3). 1In arcas vhere scarching was knoun to have
been thorough some eoxtra control plots were established for comparison of
numbers (clear plots shown on Fig. 1). Eight of these were used, threoe in
Very Open, two in Open, two in Dense, and one in Very Dense.

For ecach year, all observations of males wexe mapped, the scales
being 1 in. to 200 ft. for study plots and 1 in, to 50? ft. for other areas.
Some maps were made of observations on females as well, and all maps were
used for analyses on dispersion, ngs shown later. The sites uqéd by some
80 yesident wales wore deseribed 4in detail and, for comparison, similar
descriptions were made for a series of points chosen randomly over the
ttudy arca. Bendell's (1954) work suggested tlak the arcas used by
resident males should be searched in succeeding years to pive information
on.death rate and replacement. and this wns'done for ali banded males
that used an area consistently over a summer. Some other methods were
-tmployed and, where these are relevant to the problem of diupernion, thcy'
will be mentioned in the next section on Results,

Fleldworkk was carried out by a number of workers during the summers
of 1959 (May 16 - August 31), 1960 (March 15 - ‘August 30), 1961 (May 1 -

August 31, Soptember 4 - 7), nnd 1962 (Mnxch 24 - ?8 April 15 - 18, May 1 -
' Septembcr 7) 1 workcd on thc area during the smnners or 1961 nnd 1962, and

paid special nttention to the rcnoval oxpnrimcnt uud other studies of dispersion

in ;962.
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RESULTS

lnteraction batweun males on control aress

Results from experimental work will mean 1ittle unless the pattern
of dispersfon under nermal conditions has baen examined. Therefora, this
section discuseres the spacing of malee on the conttpl plots and other arecas
away from the removal plots. After analyzing tyo spacing mathematically, 1
considar the year-to-year use of plots by males, the size of area used,
replacemant on vacated areas, and the differences in numbers aad behaviour .
ot sdult and yearling males on control areas,

Those males that hooted and displayed on a specifi: area showed a
tendency toward uniform spacing. This was determined by measuring nearest-
neighbour distances for the resident males found over most of the area
shown in Fig. 1 in 1962, excluding the cxperimental plota, In an area of.
936 acres the minimum number of vceident malea was estimated £from the map
to be 157, DBy the method of Clark and Evans (1954) the mean nearest-
aelghbour distance for an infinitely large and random pophlntiOn of this
denaity was calculated to be 255 ft. The actual mean from map measurements
was 381 ft. and, when this was divideq'by the theoretical mean, an index
of departure from randonmess (R) of 1.49 was obtained, This‘indiéatea_a
trend to uniformity since a random populnkion Qould give a figure of 1.00
and a uniformly spaced population would give a figure of about 2.15, Clark
and Evang formula for testing the significance of'B was used and showed that.
the difference from randomuess was highly significant., |

The type of distribution was also checked by cOmpariéon with a set

of random points.  On the 1962 rmap 157 »andom pointS‘uere‘estab!ished'and.““

rha dladamnn Luue: manh = thana #a +thn nanvants canddame - male ssae o sicmand - - -0
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Ten of these distances were less then 100 ft. and 43 were less than 200 ft,
None of the mala-male distances were less thap 100 ft, avd only 16 ware
less than 200 ft. The average distance was 344 f£t. as agalnyt 381 for the
males. The two figures differ significantly at the 5% level by Chi-square.
1f the measurements are grouyed by S0 ft, intervals (0-50', 51-100', etc.)
and compared, the difference (showi by sum of Chi-square) becomss even more
significant, showing that maies were definitely further apart than random
spacing would allow.

The near-uniform spacing was caused by territorial behiviour on the
part of moat of the males., Fig. 7 shows how the main cont~! plots were
used by adult and yearling males over Lhe four summers. Some males were
not banded and some sightings were not long enough for band combinations
to be chacked so that much time was given to cross-checking times of
obsarvations, etec., to allow observations to be assigned to a particular male.
Points of observations were then joined 8o o8 to give a maximum area for
each male,

The moeps show only three points where territories seemed to overlap.
In 1959 adult Ro, 17 was found near adult No. 14 on June 1 but No. 17 wasa
gilent and showed no signs of displaying when seen. The territories of
Nos. 26 and 210 touch on the 1960 map but the observations leading to thia
vere made on separate days. The same applies to the case iavolving No. 131
in 1962. | |

Territory sizes ranged from 0.2 to 9.2 acres (average 2.6) but many
of thes¢ were based on only a few observations. If areas mapped from less
than ten cbeervations are omit:q# thg qu;age.pacqqes 3.7 acren_(range 2.3
to 6.5). Males showed no tendency to hold territories of constant size

from year to year. Only one case is based on more than ten cbservations

o A At o bt g, At ey e T



1960

. Areas used by males on main coatrol plots. The

left plo: wvas in Densc habitat, the right mostly

in opcn habitat, Sclle 1'' = 440°,

Alen lnd nunbetn are ;tvcn for blnded males
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obnnrvatton. (opcn-ltlcnt nnlc. cloncd-hooting)
pots show obsarvations on resident males.

x = adult accidentally killed.
U - unbanded.
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overy year. This male, No. 9, showed torritorfes of 3.7, 2.6, 4.5, and 4.4
acres ovor the four years, suggesting that some constancy might have been
uncovered with incrcased numbers of obgservations, Unfortunately the sizes
corralated bettor with ;hu number of observations than Ehcy did with the.
year or ages of the males, as the graph balow shows (Fis. B) Thé spread
of pointa i3 suificient that dividing each size by tha number of ohservationa
used to make it does not give any more usnble figurna. _The Iargeat terricory
was based on only » few observations (mnle No. 14 in 1959). Late 1n the
summer No. 14 was twice uhserved away from the open plot near females qhich-.
he had probably pursued. Omitting thesa two sightings gives en aéreégé _
tlose to that used by No. 14 in 19601.1_ o f | .

As expected from Bendell's (1954) work; males "homsd", or shcwed
a very close raeturn, to their torritoriea once these were established. '
Fig. 7 shows this, and 1t was equally trua for a11 malen handed on turritoxy‘ .
cver the study area, Known banded males were seldom fpund ayny from their |
territories, and, if they w.ce, the males were always silent, The bbserf
vations made on aneB away from their territories came late in the_suqner
(past mid-July) or, rarely, very early in the summer Cearly April), In all
cases the unusugl locations of males céuld'be explained by assuming that
they were migrg;;ng to qufrdm tpa Q;ntgg range. | |

S}isht'ahifts‘iq territorial boundaries were fairly commén, as gyuwn
on Fig, 7. For exqmple, No. 9 expanded his tergitppy with the loss oE_hiQ
naighbours in 1662, ‘The unbgnﬂed males in the centre of the plots shifted

their locations slightly from year to year. Some adjustmént of boﬁndaries

probably took place after the ramoval of hhree males from the plots in 1959.;_NM"A1¥

although none of theae three positions were actually overtnkcn by neighbours ]

in that year. These and other examplee show that males wodld adjust their :
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texvitorial boundaries as the positions of their neighbours changed.

Fig. 7 aloo shown, however, that most of the obaervatlons on welle |

known males were distinctly within the territorial boundaries, This ﬁdggéstn

that, over most of the breeding season, males were not patrolling the
boundaries of their tervitories or actively defending them, Direch_fight- |
ing between neighbouring males was practically never sean, Over two
cummers 1 obscrved only onc surh nncountef and that took place on a tcmovall
plot. 1t appearcd that males knaw the boundaries of their nnighbouts'
terrvitories since, for example, tha areas used by three adulta killed on
the wein control plots in 1959 were left vacant for tha wewxt of that
summer. On these plots neighbouring males were often seen or hesrd

hooting quite near =ach other, buélcoqtact between hooting males was

never observed, _Thesé po{nts suggest two ppaaib}e mechanisms that mighﬁ"

lead to the observed spacing between territorics.

One mechanism would be & short intense period of boundary ndjuntmcné_

through aggression 1mmediate1y_a£ter @hles'deggenﬂad to the sdmmer:brgoding ‘
range. This is an unlikely possibility for several reasons. In 1960,
observation was started on‘tho study arca before males arrived’an. no
unusual fightiag or shuffling of areas was seen. As mentioned, males,
after cstablishing territories, roturn to these in succeeding sunmer
regardless of the number or location of neighbours. A near-uniform distri-
bution produced by strong sggression might be expected to lead to equal use
of all parte of the area but many areas of apparently sultable habitat were
never used aa.territoriea.

It is more likely that:tho.hooting and other noundulproduccd yy a
turritnvtal mala, 1oculized avound cne or more Iavourcd displny 3pote.,“‘.;u

ndvertised his presence and kept other territory-holderﬂ at soms ninicowa
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distance awsy. This mochanism allous fox the possible formation of looae
groups of vocel males, menticned below, Using this idea it is much casier
to account for litkle fighting.‘pqqseﬂ habitat, and precise homing by males.

Although mathematical analysis showed males to be spaced somewhat
uniformly, £ield cbservations suggested that malas sometimes formed loosely-
knit groups while hooting or displaying, This is not contradictory aince
the mathematical treatment depended on measurement f£rom the estimated centres
of territoriea. These groups could hqvg:bacn‘formud by nefghbouring msles
that were within their tevritoriss provided thay opproached each other ac
c¢losely as the boundaries would allew, As meqtiongd. direrr .catacts
between males were very ravely saen., Howaver, gctual measurements of
distances between neighbouring hooting males were made for soma forty cases
and the distances averaged censidersbly less than the 381 ft. mentioned in
the mathematical analyses. In all arcae ;hnre was a good deal of synchron-
ization of hooting but within theso "groups" hooting secmed to go on longer
and be more communal than obaurved.fpr more isolated males, Evidence pre-
sented later suggests that such groups were often assoclated with particulsr
types of cover and landform.

When considering interaction it is important to establish whether
or not all mdl&s were ablé to eataﬁliuh.territqriea. No-non;territoriul
adults were found on the control plots although one of the tliree nduits
killed aceidentally in 1959 was silanf when collected and may not have
been on territory. Baunded adult Mo, 124 was Eeen on the épen plot earl;
in 1962 (Fig. 7) but he was npparently still migrating from thc winter
'"nnge lincc he vas found lacer in the _Summer back on hiu former territa;yn
“some o ducanca from tha plots.. 'nm n o;.;: of ‘the raxo exnmples, ‘ment Loned

obove, of a male off his terr;tory“anly in the summer. Two othev silent
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males on the plots may have been yearlings or residents that were not
identified. Observations over all control arcas suggested that there
were few, if any, adult malas not holding territory.,

This suggestion was etrengthened by a simple analysis of iap}ace-

ment in those territory-holders that died or were collected, Once it was

clear thnt males homed procisely to their turritoriai in ahccensivd

summers , males that fniled to show thia return were assumed to have died.

-----

Forty-four of these "empt;ad"_territogigab(;gq;gging pomu.where bapdeg

males wore collected) wg:e'exqm;ned;1pﬂth§h§9119ﬁ{qg.summgp.‘ ngly_adﬁ;t;

males used the vacant areas in 20 cases, neighbouring males <rpanded: their

territories to include part of the vapqq;'qggq_in 11 cases, and 13 hrqna

were appnrontly left vazant. Twenty-four other territories, emptied by

shooting, -can be;uggd-heye'tp;#ngggéqeA;hésaamg}q_gizn since the collect-

"

ing was done in areas that were searched regularly, ‘In this group 9 cases
of replncemen:_wogc'@1acoveged_#n the summer following that of removal.

In the eombined'group the fraction Qhowing repllceﬁent in the following
summer was 43%. | | S o _

I compared this figure with that given by a group of males that were

collected from well-studied areas ggglyﬂ#n qhe_auquqa. Twenty-agven '
cmpti@d;tgrritdries were qﬁqq;ned_aanfiye of them were uﬁeq by”unq;her
male ﬁithin the summer giving'a replacement raée of nbout'isz.ulpnp_of

the five was an ndult and some of the othera may have been, Hoﬁever,

rmw

experimental results, given below, auggest that some of the other four
males mny.hgve.been‘ycurlinga. ‘The rate of replacement by qdqlcq within

-u.u.uuugu ump(..mu l.uu. LUUL LUD WUAW u.t.l.un uo Uy u; uq.u\n. mua.uu' b ..-.,_um.-. . —

ment seldom took place until the swmer folluwing the death of the occupnnt.
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More than two~thirds of the yearling males banded or collected out-
side the experimental plots showed no signs of hooting or othex territ--inl
behaviour (32 of 46 males). This includes eight yearlings banded on the
control plots, Of these, two were located well within an adult's territory
while tuo were on the cdges of territories and four were outside. This
mipht suggest that yearlings were attracted to territorial males or their
territories since these covered only one-third of the area of the two plots,
Hovever, because of attraction to hooting males and delay involved in
observing and banding, observers probably spent more than nne- third of
theix time within territories while on the control plots, Mate Na, 131,
vho established territory neasr the west corner of the plots in 1960, was
banded as a yearling on the cdge of male No. 45's tervitory in 1959, lle
shifted just over-looolféec and.madelusn of aﬂ.urea thaﬁ had no residents
on it in 1960, HNone of the other seven yearlings returned to the control
plots but several showed up in later scasons on the experimental plots ot
neex the plot area, Later cvidence suggests that silent yearlings do in
fact frequent the territories of adults,

A few yearling males held territories and shoved behaviour similar
to that o§ territorial adults, These were three males banded outside of
the plots, mele No. 340 near the north corner of the conmtrol plots, and
several mere males that were assumed to be texritorial since they were
hooting when collected, The banded yearlinge were observed to hoot and
disglay to females in typical adult fashion. Threes of the four returned
 te their yearling territorics when they were adults (on Fig. 7, noties
position °f No. 340 over three _‘?._‘F‘.FEIQF_Q."WP{‘F@E_EQ lart observation suggest
' @hdp thé'Eerfi#éé;gl.ﬁénriingn”maf hnvéileft the bréediﬁg.éahgé hef&fe’the

~;toff;toria1 adults, -
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A few yeariing moles held territories and showed behaviour similer
to that of territorial adults. Thesa we;e three males handed outside of
the plots, male No. 340 near the north corner of the control plote, end
severul more males that were assumed to be territorfal since they were
hooting when collected. The banded yearlings were observed to hooé and
dieplay to females in typical adult fashion. Three of the four returned
to thefr yearling territories when they were aduits (on Fig. 7, notice
poeition of No. 340 over three summarg). Dates of last observation euggeaf
that the territorial yearlings may have left the breeding range before the-
terrjitorial adults,

To better undergtand interaction between males it would be usefdl
to know what fraction of the males on the breeding range were yearlings
and how many of these yearlings were territorial. This would allow com- -
parisone with retiosa from the experimental plots and other satudies. Thesé
figures are difficult to estimate since it was much easier to lacate heot.
ing malea on the summer vange than eilent ones. A rough method of caléul-
ation can be used which depends on the assumption that all tsrritorial
males hooted for approximately equal nmounti of time (Bendell Jd. F., pexs.

comm.). The assumption should be valid for adulta bur mny be in erroy ‘or

yearlings siuce there was some evidence to suggest that yearlingo hoo:ed -

less often and with less volnme than adults,

During tha months of March through June, 1959-1962, 138 sightings

were made of males that were deflnitely adult. OFf these, 126 (892) wera

_hooting when the observation or collcction was made. Uaing che above

_assumption, it follows thac hooting adults were four timeo casier to

were hooting when observed or pollected., f_a'!uhnottng malas are

locate thao silent adultq. As mentioned earliet 14 of 46 knowv yearlings B
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"convarted" to the silent category by dividing by four, the fraction of
yearlings in Lhe whole group is 36 in 100, or 36%, By the ssme acheme
the fraction of the yecarling males tolding territory would be roughly 107%.

To summarize, interaction between males had a considerable effect
on their spacing at this fairly low density (ebout 0.15 males per acre).

All tha adult maies and a fraction, possibly one~tenth, of Lhe yearling
males wera considered to be terfitprinl and this group showed a near-
uniform type of dispersion, Territories were variable in sizc and showed
no obvious change in size with age or year, Once territevies were estab-
tished the owners used the same area in succeeding summers «r-cpt for
miror boundary changes related to number and closeness of cteighbours.
Non-territo&inl yeurlings may have been attracted to teyritories on thedr
displaying owners. Scveral of these cﬁnclusions or suggestions are con-

firmed by experimental results in the next section.

interaction between males oa removal plots
Analyzing data from the experimental plots shows how males shot
from their territories were replaced by other males, Again, it is
ivportant to distinguish two types of replacement - that occurring within
the sunmer (breeding season) of removal and that occurring in alsubsequgnt
season, Once the tﬁo typeo of replacement have been examined, another
soction will compare resulte from coﬂtr61 end experimental areas.
Over four summers, 32 adult and 25'yenpling-ma1es were taken from
on or very nesr the two removal plots. A few others were collected further
. away f!w.the plot boundaries, Fig. 1 shows that tha zone of Very Open
_vegetation extended on to the Very Dense removal plot along the commor

'ﬁqundéfﬁ of the two plois; ?ortunltély; the'éfeafinwélﬁed'wéé approximately
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equal the area of the lorge swamp on the Very Open plot (where no males were
evor taoken)., Therefore, in the table below, the "open" figures include any
males found in the strip on the Very Dense plot. The &46-acre siza of the
dense removal plot was preserved by extending its boundaries slightly to

the northwest, into an arca of similar vegetation. As it happened, males

were usually removed from the latter strip when found since observers had
difficulty seeing boundary markers along the northwest line of the dense

plot and tended to collected when they had the chance. Table II splits the -
57 collected mnles by year and activity when taken., A few adults,.collectéd-:3

very late in the summers, were assumed to be migrants and omitted from the

table,
Table 11, Males found on removal plots, 1959-1962, Boundaries -
of the plots were modified slightly for this table
(sec explanation above). :
-Mults “Hooting yesrlings Sileng yearlings

Open Dense Open Dense Open Densc

1959 4ba S | 0 3 0

1969 9a,¢ 5a,b 8b 0 3 0

1961 2 0 2 0 1 0

1962 6 la 4 ) 2 1

TOTAL 21 11 15 0 I

Symbols: & ~ one wounded, not recovered, assumed to be adult
resident ‘ o o

b - one chaerved, not collected
¢ - two cbserved, not cbl}ncfed

After ‘1960, a drop in numbers of adults was evicdent [or the Very =~ 7~

-, B L B T TR T S P T N il T Y I TR e R R P
armabalis ANtV EIEmA geAwe s Mmibnes wa el As Nl S e WAt e f e w4 & aesats WA, Assts | W mASw -
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control plots (discussed in a latev section on habitat nelection), The
lack of yrarlings on the dense area is far wore striking than {t was on
the main control plets. Since these lowered numberz ware apparently a
result of habitst sclection, most of the discussion of intexnction bhetween
males will centre on the open removal plot.

1t 15 clear that no great infilux of adults occurred on the open
plot after removal of residunts since the average number of adult males
per 2] acree per year was 2,6 here as compaved with 3,4 on all the control
plots, excluding the very donse (figures for control plots given later),
Cases involving replacement of an adult by another adult were rare, as
shown below. More commonly, adults were replaced by yearlings., Table 11T
shows that 60% of the ycarlings were hnoting when taken from the removal
arca. This percentage is almost twice that found In contirol areas,
suggesting that more yearlings would attempt to hold territory on an ares
cleared of adults.

One way to &xamine interaction in a removal experiment 15 te
congider removal and repopulation on certain favoured areas. T outlined
such aveas as objectively as possible within the two plots and found that
all the observations and points of removal of males could be encloscd
within arcas that involved less than one~quarter of the wrea of the plots,
Fig. 9 shows the areas which were defined, ldentified by letters,

.~ 1t should be mentioned that this anulysis wos first done on a
lnrgér Scnlé, usiﬁg aome nrcas.which vere completely outgide phe boundaries
of the experimental plots. The shorter amalysis gave regulcs which were

exactly comparable to those of the longer, and is presented here, being

“easier to follow,

R I T S e gt vt 4t - P I TR L

., - - gy s e . W B Akl bk s A A Ay - dbamie gy b '-MAQJ hﬂouu,
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Figure 9. Pavoured arcas, used for analysis of .
removal and repopulation on experimental
plots. See text and Table IV. Scale: .
1" = 440, S -
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more than oue male wus removed from a given area, They are probably equi-
valent to territories since they occur with about the aome density and
opacing as the territories on the control plots. Whether or not the arcas
represented territories is not too fmportant., The main point is thst ncighe
bouring males and replacing males had to be ecparated {{ this analysls was
to be useful, In most cases the scparation was made lairly ecasily by
cheeking in fieldnotes which cobservations were mode simultancously and by
measuring mop distances between collected or observed males, In a few
cases the assigning of males was difficult and errors mey have been made,
as suggested below. Table III, below, shows how the 18 arsa: were used
over the four yeara. The table will be used in a later scction on habitat

sclection as well as heve,

Table 1TI. Use of specific arcas on the removal plote by
: males from 1959 to 1962, See Fig, 9 for loc-
ation of areas, Time scale in each year runs

from left to right. Symbols explained below.

Area 1959 1960 1961 1962
A A
3 h 8 h
c A, hy hy A, h A, h
D gy, &, 8y, hy, ey A, A, hy hy, h A, by, h
E h A, 8y, hy hy, h A, hy
F hy, hy 8y
G A, hy, hy, hy s sy, by, by
H A 8 ]
1 h*, sy A
J A A :
K A
L A
M A “h*
N A
0 g , — h
P A - h
Q. e B . ... .. 8 . . hx
R A ' ‘ 8y, A ) 8 Ly BY

Symbols showing use of areas: =~ S

A - adult (Note:.alfﬁw late~occurring silent adults were assumed to be

7 migraat and omitted. All remaining adults were considered to be
" .territorisl). =
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hy - hooting yearling

sy ~ silent yearling

h - hooting male, not collacted or i{dentified
2 - silent male, not collected or identified

wounded, not recoverad

During the experimant, therae were 19 cases in which an arca was
uwed by only one hooting male during a given scason (ona of these hooters :
was known to be a yearling). Im other cases only one observation on a
silent male came out of an area during a summer. There wofe é such cases
and again one of the malas was a yearling. Theso figures ijmmediately |
suggest that replacement was not the commonest reaction to the removal of
a male. A count from Table III shows that 16 "territorics" were used by
more than one male and these cases are discussed in the next few paragrabhd.

Over four years there were cight cases of removed sdults being
veplaced by hooting yearlings, The intervals between collection of adult
and yearling varied from four days to a month. In one case an adult was
successively replaced by three hooting yearlings at intervals éf four
weeks, one week, and two days. A gsecond adult was replaced by a silent
yearling after five days, a hooting yearling after another four weeks,
and a silent yearling after five more days, A silent yearling was also
taken from the area before the adulf was found., In another case a hooting
adult and a hooting yearling were taken from the same area on the same day,
It may bo significant that another adult had been removed from close b§
five days earlier, Perhaps my boundaries were nbt realistic in this caeé,
and the yearling was actually reacting to the vaénncy‘creaced ﬁyicolleﬁtiqﬁ._:
of the latter adult, a -_ |

‘Yearlings may bave:replaced adulte in some ottef'éggéa.~40ué'erea"

----- waad hw-an-adule-larav-vialded a-aftant -vesrlino: - Tun ﬁ:an;nd;fv%fffuav?~nv»m

— - . B L

used ﬁy unidcntified.houting males, Another area proddcedia silent yeorling
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after a hooting male had boen wounded but not cellected. Yearlings acting
in an adult manner may heve replaced removed adults in up to 13 cases (ov
14, as suggested in the next paragraph).

Only one area showed use by two adults in the same summer (arca D
in 1960 produced a siltent adult and, three weeks later, a hooting adult).
llooting was heard on ncarby area C two wecks after collcction of the silent
male and, sventually, a hooting yearling was collected there., The hooting
or display of the silent adult may have been centred closer to C than D.
This explanation {8 strengthened by the fact that the hooting yearling on C
wvas the one mentioned above, the only known yearling omong the group of
hooters that were never rcplaced within a scason. Since the silent adult
was taken on April 12 another explenation might be that he was still
migrating and had not yet settled on territory when he was collected. Just
outside the open removal plot another appsrent case of adult replacement
was found in 1962, In this case one of the two adults céllectcd was a
banded male, whose territory f;om 1959 to 1961 was several hundred feet from
his point of ;ollgction in 1962. Thﬁ'ahortngc of cases of adult replacesent
sugpests that there was no surplus of adults present during the time of the
experiment.

On five areas the first male to be collected was a hooting yearling.
Although some of these might be exbinihed in the manner descéibcd above,
there were apparently some ygarlinga holding tervitory in adult fashion from
the start of thé aenaoh,'jugt_ns-there were on control areas. Yearlings may
hnﬁe found lfleaaier to establish ferritoty on the removal plots since they
gould only have to coﬁpcte with new males, not :csidnnta of eurlier years,
‘Just outside the open féﬁoﬁélAploﬁ a silent adﬁiéfﬁﬁ& ﬁ'hoofthﬁ—fééfiing

wvera taken grom the same areca on the same day. in this case tiae yearling -
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must have been holding tervitory in spite of naighbouring adults,

Several of the 25 yeerlings teken from the removal srea, then, were
apparently territoriel along with the adult resldents, Dut, what fraction
of the ycerlings showed territorial behaviour only after the residents were
removed? This percentage can ba estimated in several ways. The sinplest
i5 to coasider the fraction that were hooting when collected, This would
give a replacement rate of 64% (Table IXI)., Same of these were territorial
in their own right, as mentioned, and some of the silent yearlings may have
been showing terri{torlal behaviour. cven thouph they were not hooting when
collected. Therefore, I tried to estimate from Table 11T ¢*: magximum and
minimum number of cases of replacement by yearlings.

A mtaimum estimate of the percentage of yearlings that became
territorial only sfter removal of residents (adult or yearling) was 644%
(11 out of 25), This figure was .reached by considering only thosa that
were hooting when collected (total 16) and assuming that, when a hooting
yearling was taken first from an area, it was a territorial resident -
before removal (five cases), A maximum catimate was 77%"(2ﬁ out of 30).
This was obtained as follows: by counting all haotibé’;earlings but tﬁree
that were taken after a vesident was collected, and including Eive_othu?
unidentified hooters that came onto arcas after residents. The lattex
five also had to be added to the total yearling count which then bgcame
30. Between these two extremes the best estimate of the ftgﬁtion that -
replaced, considering time intervals ba;ueen gollections and Eieldncfgs--.
on hooting heard at collection times, wag 62%. Thus, almost two-thirds-
of the yearlings on.the study area would not take up territory until f@e
resident tér:itdty-holdefngweré remdvea;'"Thia‘figﬁré"ﬁduld'ﬁé‘highét'tﬁqn'”ﬁ”

it & bph e Al Rl Peh bt We MM LRSS L ettt e f ) Sk de ST P dbmr e A e
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adults were followed by more than one y2arling. Also, the three yearlings
assuned to be original residents had some replacements.

One tendency mentioned in tho firat section is confirmed by thesec
past fev paxagraphs. Many of the replacing yearlings were found on a
“tervitory" only a few days after the resideut was shot, Two silent
yearlings were removed from areas which later produced a hooting resident,
Only one silent yearling was collected £rom an arca that gave no territorial
male in the sama summer, Yearlings were not collected on thu plot outside
of the areas ahown in Fig., 7. All these data indicate that yaarlings were
found on territories much more often than chance would allow. Since yearlinge
collected later in the summers chose arees that were previcusly occupied
over empty ones, the attraction was clearly to the tervitory-holder rather
than the territory itself. These points do not apply to the few yearlings
that were territorial ftém the.atnrt of the season. Notice also, from
Table 1I, that these preferences are superimposed on a definite habitae
preference, discussed in a later sectien,

It is also intercsting to examine which arcas were not used by
males. 1In various years, 29 arveas out of a possible 72 were not used
(Table II1), Most of the vacanciea were related to habitat selection and
this will be discussed in a lateylnectinn. One point that scemed to be
related to interaction wac that only one vacancy occ;rred in 1960 Qﬁile
1959, 1961, and 1962 had 9, 9, and 10. ‘This difference must be explained
and several possibilities are explored,

The most likely reason for such a low number of unoccupied

- territories in 1960 would be a higher density of males in that yeﬁr.
. Fig. 10, given later, shows that, while 1960 did have possibly the highest

density of males, the figures were close to those of 1961 and 1962. The’
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number of new males was definitely higher in 1960 thon in following years,
and this i{s probsbly more signifi.an® in explaining the vacancles since

this group was settling the removal plota. Another explanation can be
proposed here, involving the times of searching on the removel plots,

1960 was the only year in which the plots were covared thoroughly in

March and April (sece table in appendices). Hooting males were never

found on the removal plots in March but in April, when hooters wéro present,
some emigration could have taken place., Any males that left at this time
would have been collected only in 1960. It may be significant that the
only direct aggression between a pair of males that I evar olrarved took )
place on the open experimental plot on April 16, 1962, The threatening f
and chasing may have been between an adult and a yearlir  however, since
an adult and a hooting yearling were later collected on this area (area E,
Tabie IIT and Fig. 9)., An argument Q{miiarutﬁ-tﬁia uhﬁ‘réjecfed'whéh”thé
mechanism causinp the observed spacing of territories was discussed earlier.
The correlutfon between the low number of vacancies and the high number of
new males in 1960 scems to be the significant one.

An explanation involving early searching in 1960 might be used to
explain the lower number of males collectud on the experimental plots'in
1961 (Table 11}, Evidence given later uhowa that malea of two years
ususlly teok up rerritorias within half a mile of the locntions they occupied
as yearlings, Over the four summers,-s, 11, 3, and 7 yearlingq were shot on
or near the removal plots, Tha number was highest in 1560, probably.becauSE
searching was statted eavlier, Some early searching was done in 1962, the
year vhich gave the second highese number oE yearlinga. A augsestion |

emerging from this is that some yearlings may hnva come onto the a:udy area

and left it again before the end of April. If this Ys true, the highev~'
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collection in 1960 may hava lowered recruitment of new adults to the same
arca in 1961. One of the two adults collected in 1961 was a male that was
banded as a hooting yearling late in 1960 and allowed to remain on the
removal plot,

The results in this section confirm aome of the suggestions made in
the first section. Replacement of removed adults by other adults within a
given summer occurred in very few cases, if at all, About half of the
removed adults were replaced by yearlings, and calculations suggest that
nearly two-thirds of the yearlings on the area would only try to take up
territory when residents were removed., At least 60% of the yearlings on
the removal plots were hooting males as compared to one-third or less on
control areac. As on the control arcas, a few yearlings were apparently
holding territory in the presence of adults. The number of adults yemoved
in each year suggests that removal in one summer was not causing an
abnormal infiux of adults to tlie removal plots in the next summer., This

question, however, must be decided by comparing control and experimental

areas,

Comparigson of control and experimental plots

The main question to be examined here is whether the presence of
reaidcﬁt males affecred the aettlihg of new males on a given area ("new"
referring to those adults that had not held a territory in the previous
year). Tﬁia is beaf answered by comparing numbers from control and

experimental plots in Very Open, Open, and Dense habitats, A rough com-

parison can alao bu made Erom the plots 1n Very Denne hnbitnt but selection
oE habitat secmed to have far more eftect on aettlement here thnn 1nceractton

.betuaen males, Tha compntiaonn will tnvolve only’ 1960 through 1962 aince
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numbers of ncw males could not be determined for 1959,

It was quite casy to determine numbers of new males for the open
experimental plot since removal was carried out in all years. The only
complicating factor was a few eituations involving wounded males and males
that were not collected (sce Teble II)., Once these cascs had be;n assessed
the best estimates for new males on the opon removal plot (with slightly
modified boundaries, as in Table II) were oix in 1960. One in 1961 and
six in 1962, ' |

It was more difficult to determine the numbgr of new males antqriﬁgA
the control plots (estimates given in Fig. 10). Two methodr were used in
estimating these numbers so that they would be as accurate aé>poasib1e;

The more theoretical method usad the rotal numbers for each ysar and the
death rate of adult males. An appendix ahgws ;his QQISQI“F?Q“‘P;HV?1¥_82 A
the calzulation of death rate. In some cnéus it was difficult to decide -
whether one or two males occupied a given area on the control piota. when'
this happened the lower figure was used so that estimates for total numbers .
of resident males and for new males are minimsl. By this method the numbefh'
of new males were 18 for 1960, 10 for 1961, and 10 for 1962 (38 in all,
excluding the Very Densa plot). In the second methed, new males were
reckoned from map positions, the method being made more accurate by:the
presence of many banded maien among the unmarked ones, Thlﬁ eatimnﬁe ga§e'
18, 12, and 14 new males for the three years and the to;alfot 44 was
probably more accurate than the total of 38 from the first mephad.‘
The nunbars of new males shown in Fig, 10 are those dehefmined by
. the ﬁecond method...lf.auh-totali arve extracted, ;t:bocoﬁea clear.thgt‘che.n.n‘
... _proportion. of new males was_higher for. the coatrol.plots. in.Very. Open.than.it. ...

was for those in Open or Dense habitats. On the Very Open plots 59% of the
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Figure 10. Total numbers of resident males found on control plots
over four suwmers, After 1959, an cstimate of the
number of males that were new to each habitet is given
in brackets for ecach total.

/0

O

Nos. 3 and 5 were the original

/
/4; 8 (nain) control plots,

-/

213

5
416

// Removal plots

[ - i
Plota 1959 | 1960 1961 1962 [M/pe/yx| Wa/p
(refer to skatch) /elyx| W4/

Ne. 1 (Very Dense

habitat) 1 4 (3) 1 (0) 0 1.5 3.0
Noﬂ. 2, 3' 4. o

(Denac hab,) 8 12 (6) 12 (5) 5¢2) [ 3.4 4.3
Noa. 5, 6, 7,

(Open hab.) 8 11 (5) 14 (4) 11 ¢(5) | 3.7 b7

Nos. 8, 9, 10,
(Very Open hab.)| 8 9 (N | 7 13 ()| 3.1 | 5.7

Totels for years
(new cach year) | 22 | 36 Q)| 34 (12)} 33 (14)

M/P/yr = Males per plot per year
Nit/P  « New males per plot, total
for three years

neles wore "new" while only 39% were new on the six control plots in Dense

~ and Open habitats. - This suggests that, when the comparison between numbers

OFk NHEW UMLAEE Ul CUBLLUL GilU CAPCLIUCHIHL MLEAD 40 LINUG, VALY WUilLAve PaulLo
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in Very Open hobitat should be used. This comparison is made below and the
. cxporimental plot is also compared with all the control plots taken togethor,
excepting the gingle one in Very Dense vegetation, |
Table IV. Comparison of numbers of new males on control and

experimental plots. The £igures indicate new males
per plot (23 acres).

Control plots Experimental plot
Nine plots in V.0., Three plots in ﬂnkgo plot in
0., and D. habitat V.0. habitat V,0. habitat
1960 2.0 2.3 3.0
1961 1.3 . 1.0 _ 0.5
1962 1.6 2.1 Gaid
. TOTAL 4.9 5.7 6.5

None of the compariﬁonn”uéins'éﬁé figures for new males glve
pignificant differ- .ces when Chi-square tests are applied (using a 5% level
of significance). Thio statement holds for all compnrigens between‘control
and experimental plots, whether total figures are compared ox Chi-square
values for cach year arae summed and compared. Apparently, new moles madé
approximately cqual use of emptied plots and plots having residents wﬁen
they first took ﬁp territory. During 1960 ~ 1962, then, Fhe_pr@aencg.qf
resident males-had no significantléffect on 1mmigration of new malies,

This condition even held for the plots im Vaory Dense habitat. A
rough comparison shows that, from 1960 through 1962, six adults weré.takun
from the 46-acre removal area in Veory Dense veﬁetation (Table II0 and chree
new males were estimated to bgApreggnE onnthe_Z?fncrc ;qn;rp} area in
. ‘“siﬁ£1é; ﬁaﬂitat. As méntiongq,_hnﬁitaF 99}?95?99 wép p;qup}y_gpfg_"‘ N

important here than interaction judging by the lack of residents after 1960.
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The next two scections will axamine the effect of this selaction on the
dispersion of the males,

One further comparison, concerning the behaviour of vearlings,
might be drawn in this section. On control arcas, it was estimoted thot
roughly 10% of the yearlings were territorial. This would have been
perhaps three or four percent of all the territorial males. On the open
removal plot over 607% of the yearlings were hooting when collected, The
differenca, 50% or more, is the fraction that was presumably prevented
from establishing tervitory by the raesidents, This figure is quite close
to the 62% figure cstimated from the analysis of Tnﬁlo IIT. Notice also
thal the number of yearling males holding territory on the open plot before
shooting may have been higher than three or four percent, perhaps as high
as 12% (three yearlings in a total of 21 adults and three yearlings). If
this is true, the two estimates agree very well and indlcate that just
over half of the non~territorial yearlings would hoot and cdlsplay only
after residents were removed,

These comparative results have been presented in a separate
séction since they are basic in determining what effect interaction had on
the regulation of bresding numbers of males, There was no dctecfablc‘sur-
plus of adult males as unﬁovered in other avian specics by Stewart and
Aldrich (1951), Jenkins (1963), or Chﬁnte f1963). The yénrling males
that yeplaced collected adults might be considered surplus but results
£rom other sections show that the yeurling's rate of deeth was not notice-._
ably higher than that of the adults. Simard's (1965) work indicates that,
nlthough yearlings werce capable of fertilizing hens, theynmatured.later

apd showed a lower level of testicular development than adults., A very

low level of interaction may have served to provent this group from becoming
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territorial. These yenrlings, while they did not coatribute to the unifornm
pattern of spacing and likely did not mate with females, showed no {11

cffects from their interaction with other males.

Habitat selection by males on centrol arcas

This section tries to answer the question "What sort of habitat is:
preferred by males for their torritorial and other activities?" It was
clear from observation in the ficld that males uned cextain types of
habitat more frequently than others when hooting and displaying. On a
larger scale, when the vegetation and topography of territorics uéfo'
examined, preferences could again be seen, This aelection likely had an
ceffect on dispevsion as great as interaction, perhaps greater at nomé ages,
The following paragraphs, therefore, examine these preferences and niao'
provide background for the next section which will ekhhiﬁo'pféféfénéﬁa'In';”“
the absence of interaction.

For this and the next section there i8 an important preliminary
point. The density of vegetation was apparently incrcasing quite rapidly
on gome parts of the study area during the four years. An exnmple-to sliov
this comes Evom Table I, Notice that Very Open and Open habitat differed .
mainly in the amount of coniferous cover (2% versus 28%). Other factors
belng equal, this must have been caused by tﬁe differences in time of |
Douglas fir planting. ‘The Very Cpen was planted about. f£ive years atter
the Open aad thus the 267% difference in cover developed over this short
time, Comparing 1962 measurcments of vegetation with fieldnotes descrtbihg

lmown points on the dense removal area led to the same cgnclusionf The
cffeet of ghese chéngcsAoﬁ ;ﬁe'ﬁinpérsiﬁﬁ.gf thﬁué£oﬁd;;’éﬁp;§£nii§-;;‘

dense arcas, is mentioned later,
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I exomined the vegetation and topogrephy of 81 tervitories and
compared these with similar enalyses done for 69 points choscn randomly
over the entite study arca., Since the area used for analysis (circle of
about 0,18 ocres) was much less than the size of the average territory, I
tried to do the analyses on the area used most often by the resident for
hooting and displaying., Many features of the arecas werc assessed and the
wore important comparisons are given in a tablae in the appendices, and
diagﬁuqed below,

T Males appefently favoured open vegetation for their territories,

Recall thet more new males were found on control plots in Very Open habitat
“than in other types (preceding section of Results). Many wore territoriee
than random points werc located in the zone of Very Open vegetation and

only one territory was in Vory Dense vegetation, Onc territory was located
in an alder arca while nine random points were in alder, swamp, or bog areas.
Although cover by trees and shrubs was less for territories the differvence
was not significant (Chi-square test, 5% level), Since territories were
found more often in the open, this suggests that males hooted and displayed
uear patches of thicker vepetation on their territories. Territorial males
often centred thair activities around the edges of clearings or old logging
roads, especially where the vegetation in general was Dense or Very Dense.
This, too, may have raised the average figure for tree and shrub cover on
territorles since the vegetation ot rond-edgcs‘was often thicker than that
y -of surrounding areas bLecause of water trapped by ditches or mounds of cath.
‘ This vas the only chofce that might be called "edge effect", or unusual use

of boundaries becween different habitats. The cover by ground vegctation

‘wus uigniticantly leas on territories indicnring that mnles used arcas

R wnere cney COUL(.I ﬂ'OV(‘ (’IDHE II'EG.I.y over l:ne grauuu.‘- Aede - ..C""Ipdl'lSOI'IB -SNnow -
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that males, when [irat establishing torritory, preferred arcas with open
vegetation and sparse cover at ground lavel, even though they used thickets
or heavier patches of vegetation for cover when hooting or resting.

A comparison of topography shows that males preferred elevated areéa
for tvrritories. One-quarter of all the actual aites examined were on
obviously clevated positions while practically none of the random points
vexre, In addition, many of the other territories hnd.alavntﬁd points near-
by but outside of the circle used for analysis, Likely some of éhepu polants
wvere inciuded within the territories of the males concorned, ‘

Beyond the above, there was little difference in % zets of data
from territorlies and random boints. There wao no evidenca to suggcst‘ﬁhnt‘
particular plant species, wet arcas, grit and dusting material, direction
of slopes or height of trees had any effect on the location of territories.
An attempt was made to judpge areas for escape and roosting covcr‘buﬁ'it was '
very difficult to do this objectively and no differences were unéovered.

A simple comporison using the 44 "emptied" territories ment;oncd
in the first section of the Results also shows what arecas were favoured for
ectablishment of territories by new males. The table below shows how the
rate of replacement vavied with type of habitat,

Table V. Comparison of vegetation at vacated

territories and use of these terri-
tories in succeeding years.

Type of vegetation Rep. - Vac.

Very Open - 60% 37.5%

Open : 35 . .- 12,5 A
Open-Densze mixture 0 : 12,5 .
Dense 5 21 . ' .
- Very Dense.. TR ¢ B R el et
Danse plua alder 3rove 0 - & e

' . e ow ,»..-._ -....-.-:-—— e ek aee s e AW L e e R T AT -w--l---. T I I

Pap, - vacated territory occupied'by‘new male .
Vac, - vacnted territory. occupied .by. neighbouring male-t,uut;_~:1v;
or left vacant - o

L ..-\,._—\,_,._k,g_,—_n,.pzs,

- o | r——————— e it e AR g
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The sample sizes are not large, but it scems sigrificant that 95%
‘pf the replacement took place in open types of vegetation. Of the arcas
ﬁﬁat vere left vacant or taken over by a neighbouring male, only 507 occurred
in the two most open habitats., In both columns high perceutages oceurved fa
tﬂp,vcry_open category since this was the most common type over the study
J'arénf S -

. I also compared the nutbers of resident males on control plots In
dif}erent types of vegetation., Fig. 10 gives the numbers for each year and,
for 1§6041962, shows an estimate (in brackets) of the nrmber that were now

“to the plots in the glven year. The numbers of residents par control plot
per year, starting with Very Open and working through Very Deuse, were
approximately 3.1, 3.7, 3.4, and 1.5, It would secem that all types but
the Very Dense were used ebout equally by territorial males. Counts of
hooting males were qadé‘along census lines in Very Open, Open, and Dense
hubitat, and the numbers of resident males here were approximately cqual

~also. However, although the numbers are not significantly diffe;cnt, the
_y{ﬁﬁtima;ea for new males become gfa&ually higher as the more open plots are

- considered (right-hand column, Fig. 10). Another count 1n§61ving some

i‘Véry Dense habitat was made along old lﬁgging.iéads in May and June od

1961. Thirty-onc hours of counting gave 4.4 l"hool:m:n per hour" for open

: -hhbitqts (gwo types combined) and 3.$.E§¢ dense habitats (Dense and Very
Pgnse vegetation), While nonec of the;e comparisons show s{gnificant
r:fAifferenceB, they seem to reinforce the suggestion that maléa settled
| in oben'nteas‘moreﬂoften}thnnbwould be expected by.chnnqe ovements,

These preferences were probably ranpoﬁsible for a drop in use of

~swow oo gom@ control plots by-males. - The main control -plot in Dense vegetation .

-

T, {Nn. 3. Flo. 10).4n nﬁwn'xnmnlp. After -1959. vearline.No. 340 . was. the. - . .
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anly neu male to establish texritory on this plot and he made frequent
use of the main voad near the plot and arcas to the north of the plot.
No silent yearlings wera banded on the plot after 1959 but some could
have been present since, althouph no territories fell within the plot
after 1959, there were a8 fow observatinns on silent males, Hooting was
heard deep within the plot at least once during this time but no new
resident was located end the sound was probably made by one of the males
living near the boundaries (Fig. 7). This plot hnd more cover by alder
and swanp vegetation than did surrounding plots, and the cover probably
regenerated more rapidly. There were some clevated points hut the relief
vwas less broken and the average clovation lower than the main contvol
plot in Open habitat, The drop in recruitment waa not reflecced by
other control plots nearby in Open and Dense vegetation.

On the control plof in Very Demse (No. 1, Fig. 10) a siwmilar
drop occurred. The”ﬁext aeétion wiliibhﬁw:tﬁﬁtifhiq was reflected by' ‘: '
the adjacent removal plot., While these dropé in recruitment of territorial
males are very helpful in showing the effect of habitat preferences on
dispersion, thsy are perhaps more important in showing the effect of
interaction on the holding of territory. Saveral authora have suggested
that interactlion may force some members of a population to seek space
for territories on unfavourable arcas away from the preferved hebitat
(Jonkins, 1963; Kluyver and Tinbergen, 1953; Svardson, 19495. fh1§

apparently did not occur on the Middle Quinsam arca. Even the yearlings

that were prevented from establishing territory did not ahoﬁ this emigratioen
to denser hobitat, suggesting that their urge to take up territory was low,
It may be concluded that the territorial behaviour of males in favourable

(open)'nreaa d;d not_ﬁércho;hprAmales into denser habitats, It follows
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thaet the uee of certain habitats aver others uas based on prelerence aleone.

The above paragraphe analyze habitat preferences of wmales by several
methods; comparing territories with randomly~chosen poiunts, examinlng replace.
ment at territories in different habitats, and counting numbers of territorics
in different habitats., Another method is to examine the sites within the
territory used for different activities, espc 'ially hooting and displaying,
since territories appeared to be organized around a few such points., This
wvas done for the main control plote, and, as expected, the favoured hooting
sites vere elevated points having some cover available - small thickéts,
small Douglas firs showlig spaces between foliage and groun?, tangles of
logs, and spaces under logé and stumps, Displaying was apparently done
ncar these fointn. oi sites having little or no ground vegetation. Accumu-
lations of droppings showed that males spent much of their time at these
points. | |

To show further how use of cover on territorics voried with the
male's activities, I made a rough comparison of the positions of hooting
and s{lent males. The silent category probably includes a few observatious
on silent yea:lipgs but in this npproximnte comparison I judged that these
would make no differenée. The compuriaon; based on about 390 observations,
is shown in Appendix 6, The types of cover had to be kept quite general
since they were described bylacvernl different schemes in the Eieldnotes,
dépendihg on the observer and the year. The percentages of silent and
ﬁooting males found in many types of covar were similar, suégeating that
& male, given a-proper stimulus, might hoot from nlmosc‘nng oﬁot. Silent

x.mnles, howaver, were seldom ﬁoundiin open clearings, on elevated points,

“+ _or.on top of logs or stumps . ~This sugrests thet males‘iﬁfending to ‘hont -

omv ddanlar enunoht At thoan Aanan - ar aloavaran unata . Hankine maler wore - - .. ..

L., -
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seldom found {1 Yow arcas near streams or svamps. ‘Thete were likely
feeding and shelter arcas and males found here might ahow the least
tendency to hoot. The points of difference in the table verify, on a
smeller scale, the prefercnces suggested by the carlier analyses,

Most of the groupy or aggregations of males, mentioned earlier,
were located in Open or Very Open vegetation, particularly along roads
or nedr large clearings. The two best-known groups, both found in Very
Open habjrat, used areas which were probably optimal for the formation
oi such a gathering, Oune of the groups used an open gravel pit which
vag elevated arzound its boundaries and which contained sevevs! deciduous
thickets and mounds of earth, The other group used an area at the junction
of several old logging roads which was neaxly bare of vegetation ot tha
centre and had scveral ridges and piles of logs around the edges. In all.
cases the open habitat must have a}lqwed males to see and heqr”gggh‘pthgr‘
cusily while still keeping & minimum distance between the territorles.
Oun sites such as the two nentioned the communal nature of the behaviour
miglt be accentuated {f the males used the ridges and promontories for
twotiang and the central bare areas for displaying.

One further peint concerning the dispersion of meles in the Vory

Dense habitat should be made. The nearest-neipghbour analyses of the firsk -

section in the Rerults involved very little of this type of habitat, which .
wne apparently evolded by scttling males. When the dispersion of the few
males involved was oxamined using this method the apﬁcing seemed to be
closer to random. This was a predictable result which might have come

about in two ways. The distribution would approach randomness 1f males

. were holding to their territories, immigration by new.malesAuaq.uii, and. . . .

the males were dying at random (Skeliam, 1952). The same trend might show. . .
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if nales ghifted their positions so as to be uear randomly-located openings
in the increasingly dense vegetation, The latter was apparently rosponsible,
-at least in parﬁ, for the upuﬁina since ficldnotes from 1959 and 1960
e " mentioned that males on and noar the plots in Vory Densc wexe collected ox
~geen near clearings, |
Before leaving this section, passing mention should be made of
‘certain habitats that were virtuslly never used by males during the
breeding secason. On the study area males apparently avoided extensive
swamps, extensive stands of mature aider, pontrboga,'gnd large unbroken
areas of fallen logﬁ. The smaller nnd,drier stands of alder, showing somr
grass and other vegetation at the ground level, were occasionally used by
. males. The stands avoided were those that had a heavy covering of litter
and dcad leaves on the ground, This suggests that the #bove-arcas were
avoided because Ehey lacked open areas-at ground lnvél. These negative
comments on habitat sclection apply cqually well to females and juveniles,
To summarize, this section shows that males preferred certain
spots for their territorial activities and that, ignoring the cffect of
interaction, these preferences led them to selozt certain habitats over
others for the territories., The main preferences ware for open vegetation
and, beyond this, elevatedl points and patdhes of ground free of low
vegetation, The next section will explore thesc preferences further

using the cxperimental areas,

Habitat selection by males on removal plots
Several significant results on sclection of habitat emerged from
the removal experiment, Most of the data used here again comes Erom

dable AL and All, LBvidencu Lo hdbital selecllonl 18 gnNowil LAITSC Oy cunpdrcaiy,
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the twe plots, and then by looking at positions used withln the plota,

When the Very Dense and Very Open plots are compared the most
striking difference 45 that virtually all the yearlings were found in
the open, Only one of 25 yearlings was found in the Very Dunso plot and
this silent male was leas than 200 £t. from open habitat. It 1s clear
that the difference was not caused by attraction to adults singce ten
adults wvere taken from the dense area in 1959 and 1960, during which time
no ycarlings were found on tle same area, Silent yearlings may have been
harder to £ind in demsc than open, and this bias might be used to explain
some of the difference. However, almost one-third of the l-:: females
found on the experimental plots were in the dense half and these females
were as difficult to find as the silent males., The highly significant
diffarence must have been based on habitat preference.

This preference likely caused. the drop in usé‘of.thn.densq.rcmoval
plot by edults beyond 1960, In the laet section it was mentioned that
males collected or seen’'in Very Dense habitat we;e'usually next to open~
inga. Most of the fieldnotes deacribinﬁ this came from tﬁa remeval plot
in Very Dense. It appears thﬁt'rageneration had closed most of these :
openings by 1962, although some small arcas on thé plét could still have .

been described as Dense or aven Open'habitat.' From this and f£rom information

in’ the last section it appears that new adult males’ kept the habitat pre- -

£erences they had shown as yearlings.

If the preforence 1s as strong as.suggested, why did at leest three

‘adults, and possibly five, use the area in 1960 (Table I11)? Two points,
_mentioned earlier, may be important in explniﬂihg this, One 4{s that .the

~Very Densc habitat was probably much more open in 1960 than.it was tw 1562, '

e I e R T I -
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Moy in 1959, A fow ycearlings could have beon attracted to torritoriul
adults on the dense plot, and left before lay. These might have returned
as adults and fouud the dense plot attractive enough to cnuse-them to
estoblish territories there. In 1960 searching started esrlier and more
yearlings were taken so that this return likely would not occur, Lven
if this argument is rejecté&. it must be remembered that the experimental
procedure did not aliod determination of territorial boundaries. The
territoriea of esome of the males in the dense habitat may have exteuded
on to the open. Recall also that this drop in numbers of territorial malea
after 1960 was observed on the contrel plot in Very Dense sul on one of
the Dense control plots.

Another way of examining differences in use of the two arcas is
to consider the 29 vacancies in Table III. Of these, 19 inﬁolved terri-
tﬁrtéa Eﬁnﬁ Qere-i; the‘éenﬁa area, Oﬁer fﬁur yen;#,HS}.nfeas.werﬁ ﬁot
used at all by hooting males, Of this group, 21 were in the dense plot.
The number of vacancies on the open plot, then, jumps from-ld to 16 when
an area is token to be vacent unless used by at least one hooting male in
o season, The corresponding increase on the dense plot Ls two vacencies. The

diffarence was 1likely caused by a higher density of silent yearlings on

_ the open plot, If true, thie qd@a to the evidence for a atroﬁg preference

“on the part of the yearling males,

Because the two vy, 28 of vegetation on the removal area were
quite sharply defined along the boundary common to the two plots, the

importance of "edge effect" ‘{n habitat selection by males can ba tested.

. Your. of the lettered “territories" used earlier lay across this boundory
.. ares. If the more complex analysis involving territories outside the

plot bdﬁnduzieﬁ.(méntione&'eﬁriier but not preschced) is employed the

o,
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number of terrltoriecs on the ecdge becomes Five out of 23 (22%). On the
five torritorles, five out of 28 known adults (18%) and three out of 27
known yeorlings (11%) were found over the four years, The fraction of
adults found on the five arcas is not signlficantly different from what
would be expected {f these areas were being used rnndomly; The use by

yearlings is significantly lower than would be expected, This might

result from avoldance of dense habitat by the yearlings or from selection

of mere favourable territories away from the edge, The latter is discussad

further in a later paragraph.

Of the territorics shown in Fig, 9 ouly three were used by at
least one hevoting male in every ycar. These arcas (C, D, E) were'locaﬁed
on the most elevated and prominent area of the open removal plot, which
was itzelf the most elevated part of the study area. The preforenée for
open and clevated points, then, was as noticeable on removal plots as it
wag ou control aress, | |

There is some evidenca to suggest. that the mentioned tétritoriea
woere u2ad by more males than would be expected, even if only the-opén
plot 1s considered. When territories in the open removal area only are

examined, nine out of 16 known adults were found on areas C, D, and E, -

The expected number would be five, 1if all tetritories 1n the opcn were

used equally. When known yenrlings are couuted, 13 out of 25 were on
the three areas, and heve the expected number would be betweon 7 and 8,
Tha‘differehce in numbers of a&uIta {s not quite signlficant while tlat

of the yearlings is aignificant {Chi-squaze). Six of the-ramaining

promincnt aren. IE C, D E, and G are conaidered togcther thn use by

yearlings becomes highly aignificant. This probably cema about tnrcugh '

yearlings wore found on area G (Fig. 9) and thia was alao a high and - |
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a double preference by the yeariings - a tendancy to stay near clevated
points and near established territorics.

The open part of the experimental afcn, considered as a vhole,
must have been a highly favourable area for scttioment by males. This is
shown by avidence just prcsented, ond by the fact that a number of yearlings
banded some distance from the open plot were collected as adults within tha

plot in the scason follouinpg their banding., Anothex adult taken from the

" open plot had been banded as a chick near the main control plot in Open

habitht.. It'is'aignificnnt that even this attraction, based on habitat

selection, was not sufffeient to produce a higher than eypccmeilnmmer

of new malea on the experimental area., This reinforces the ﬂnrlier

conc}uaion‘that regident males were not forclng new males into empty areas,
“; Rusults.f;om.control nrnas.auggéstcd,a.preference.forﬂopen ond

clevated arcas on the part of males, and analyses from removal areas

) confifm this. More important, the positions of males on the removal plots
~ ghow that tha preferences are very pronounced in the yearling males.
Excluding the effects of interactionr, this is probably the mest importnnt
| factor determining the dispersion of males, and the use of a given habitat
;by males, It has already béoh ﬁqntiongd that males showed little tendency
" to shift their summer positions 6nce they had established territﬁries.
. Examining the movements of males prior to their taking up territory, as
.-wéll as the spatiasl reclationship between females and males, should ahdw

how important these habitat preferences are to the population as a-whole.

"”f‘Diagéraél“of"juvéﬁiiés‘nnd'movemﬁngs'of yearling males” =~~~ 7 77 T"'”"”

-t et .""“"‘-. T Tt LR} RS B il B e e -4 -t Tt et ‘e
Y -d L T T e .—Q.n--.-n- m-—--—,ﬂv—--— atinam sk gueem = mad -..-‘

wholesale ahiﬁt in location of a populntion. Movements of territories
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from yeer to yesr wore alvays small and could lLie classed as minor chonges
allowing for prescnce or ahsence of neighbours, movements involving changes
in a "group" of males, or artifacts resulting from twe few obsexvations on:
a given male, 1lhe data given in the sections below on females show that
females two years and older also exhibit a fairly close return to their
locations of the previous vear. It is supgested as well thqt females are
attracted to territories in the early part of the breeding scason. The
usc of any suitable new habitat by grouse must depend on the movements
shovm by birds before they become sdult., With these potnta;i; mind, this
scction examines the dispersal of chicks and the movements ~f males befove -
they become adult, |
Whan considering dispersion and the use of habitat by grouse it
is important to know whether juveniles return to the area of their birth
or first few weeks of 1ife, to an area of similar habitat only, or to an
unrelated srea, It fs difficult to obtain large samples for such an
analysis since mortality of juveniles is very high in the first few weeks,
For example, out of soma 250 chicks that were banded on the Middle Quinénm
area, only five were recovered in later summers. This does not include :
some chicks that ware taken by hunters in the autumn following their
banding. These werc oﬁltted because the movements here involved migratioﬁ
to tle winter range rathar than dispersal over the breeding range, Of thé
five, only two werc males and both were recovered as adults, two ycafs aftét_'
they were banded, One of the males was recovered as a silent AQult og'an

e¢levated part of the open_rgmoval plot 2300 ft, from his point of‘banding

in Dense vegetation,. The other was f£ound-in-Open vegetntion—npproxtmutelyf-m“....

- TIANA £ fumm hie naint Af handine vhich wune-in Verv.Onan‘venetntion.w.Theae_“"_ ..

fow data suggest that males were not returning to the areas they used as



51

chicks or to areas of similar habitaet. Also, the fact that three juvenile
.fchnleq'werﬁ recovered as yearlings while no juvenile males were, supgests
that somo yeariing males may not have descended to the summer range,
- For drawing further conclusions about dispersal of juveniles it is
convenient to lump male and female chicks into one group, When all five
of the chicks mentioned are considered the average distance from pofnt of
banding to polnt of recovery was very close to one mile. This ggnin
auggests that chicks were not showing any "homing" behaviour. It ia-liknly‘
- that Eeﬁ returnod chicks were missed since one of tlhe two males was found
as a nileﬁﬁ bird and the three females were all Found in és:ly summer  'n
females were harder ﬁo locate.
- The next otep gds'to estimate the number of chicks that should have
s o o ‘nﬁgéhfédAaﬁ';ﬁéjﬁiéavtb)géé'ifudfaﬁérégiﬂééally was oééﬁfrihs or if the low
' = retuxn was caused by mortality. From banding records an approximate count
was mdde of ali those cﬁicks that were'ldrge enough to wear adult leg-bands,
In anf céan; aone was counted that was less thgn 200 giama. This pave
| ;app;oxiﬁately lao‘banded chicks that were assumed to have escaped the very
high early mortality £oun¢ in broods, However, I rated the mﬁrtality for
:hia.group at 50% rather than 25%, tﬁg ﬁigu:e.auggestedlby reaults_g;ven
"eurlier, If the betwcen-season movements of these chicks averaged one
&iie,‘a few of them would be expected to show up ontsideAbf the area
_qeirched, vhen they returned, The nunber would not be large since most
of che‘chicka'weré banded near the centre of the‘atudy area. If this

Yiveieion .. . ETGtion was 20% st the most, then sbout 56 juveniles should have been -

‘ hn§5 &paéhred on'thﬁ nuhmor faﬁge;’it ﬁighﬁmbe better toléay that an

. estimated ----Juveniles should have been found on the study arca as 1dults

[ ) . .t ’ N .
~ n b . . AR .
- R
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eeoerin...._found on the stuly area a8 yearlings. Since soma yearling males may mot -
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(figure obtained by omitting chicks banded in 1961 and applying death
rate of yearlings, discussed below)., It is clear that the estimated
figure is significantly higher than the number that actually raturned,
This holds cven if the first-winter mortality is assumed to ba 75%. It
appeart that, when chicks returned to the breeding range, they dispersed
widely cnough to take most of them outside the otudy area.

The last scction shewed that yearling males preferred open
vepetation while on the breeding range. This was an important factor
affecting dispersion and it la useful to eatablish how f£ar yearlings
move between their second (yearling) and third summers, and tvhether they
show the same preference as adults. The table below presents some relevnnL-
data from nine banded yearlings. I have already iundicated that a few
yearlings, not included below, held texritories and returned to them in
adult fashion. The nine below were those vecovered out of a growp of 16.
ond it is possible that a tenth vae relocuated although identification was
not certain. The survival of theﬁn males to age two was, then, at ienst
56%. The distances shown below suggest that some of the yearlings may
have returned to some point outside the study area wﬁen they were adult.
It is clear that the mortality rate for thig group of yen:;iﬁg males was
not significantly higher than that of the adult males, even‘fhough sﬁme
of these yearliﬁgs ware being prevented from eétablishlng tdrritory by
the presence of adults, " |

Only one of the nine settled more than 0.5 milea‘fﬁom his point
of Banding. the average distance moved being just over 2000 ft. It

appeared that some yocarling males, such a8 mumbérs 34 and 466, Btarted T

£0 L10CALLZE ON AN ATFEA 1l (U BEESUL UCAVAL LHLY 40 LUl aaw

Adtprtat , il e b

there. The preference for open vagetation shown by yearlings is appafently _

1
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K Table VI, Movements of males from point of banding as
B yearlings (¥) to point of recovery as adults
v (A), with an estimation of habitat of cach potiat.

: Number Scason Distance Habitat
- W W (¥) (%)
-}54 | 1959 - 1962 560 £t, Dense Dense
131 1959 1960 1100 Open-Dense Open
386 1960 1961 1300 Very Open Very Open
eh - 1960 1961 1200 Open Very Open
466 1960 1961 300 Very Open Very Open
620% 1961 1962 2500 Very Open Very Open
630 1961 1962 1900 Very Open Vary Open
678% ° 1961 1962 2600 Open Very Open
721 1961 1962 6900 Very Open Open.
JQ% SRTTI - o Straight-line distances were measured from map?
e ‘ : to the nearest 20 ft.
‘5”;: - " scen three times as yearling, measurcment mede

from last Lknown position.

continued in the year of territory establistment. Five of.the yearlings. .
usced the same type of habitat as adults (Very Open in four cases), threa

of them chose a more open type, and one chose a less open type. None of

these observations were made in Very Dense type.

Using maps compiled from fieldnotes, 1 estimated the number of
territorial males within an arbitrary distance (300 £t.) of the positions
in Table VI.. The average figures sbtained from this analysis were:

‘1. number of males within 300 ft. of yearling (last
known poaition) P T

2, number of males within 300 £t. of returned

ndulc A AR AR I NN R R N N R NN N N NN NN ] o.ﬁ

3. number of males within 300 ft. of yearling
(last krown position), in following Summer

"'Q..‘...'...‘.I..........'l...ll.....'ll...1.4
. The last figure may have beon low becaise of inadequate searching around

© 77T soma points of banding in tollowing years. _hgwever,-ié-féﬁéﬁd;é; Lue Licse
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figure, as would be expected, Tha £irst two figures aro not significantly
different by Chi-squara but if a g-tast is performaed on all thn'qvnilnbi;
pairs of data in these two categories there is a significant diﬁéﬁfeﬁco
(paired data, t equals 2.9, p botween 0,02 and 0.01), Thip‘is cé_ﬁa_
cxpected since the males do not usually show the offect of fgf?itotinl

spacing until they become adult. Note that adding one to cach figure 1n'

_éhn second category (that is, including the new adult in the cbuut of hia

naighhours) would have made the £1rat two £1gurea equnl. Also, the year1~
ings may have been attracted to groupa of tarritorial mnlns. Only one -

case occurred»in which the bnnding potnt ahowed fewar neig}bnuru than'the

!

: ndult location, 1n the same yenr. Possibly some yearlinss, ‘6uch as- Noa.'

34 and 466, returned to their earlier locations and then senrchnd out an

area qithﬁn lower density of territories. As menqioncd enrl;er, Ho. 131

. did -this on-the.main.control. srea, - This simpie annlysid-emphaﬁiioautha-

point that the spnciqg’of‘tntrﬁtorinl;@gloa was being deternined by
factors different from.choso determining the diaparnion.of non-territorial
males, | o

This section shows how grouse might take advantage §£ a new-aren
of fnﬁgurable habitat. :he few data availadble suggeht thét-jﬁveni;a
grouse disperse widely nn& show no tondency to retuxa to the.area wherF

they"were born of'brooded. 'Hllea”ih their :hird lﬁﬁmor'(uew adulte) shoﬁ

votying degrees of fidelity to the areas they uned in their nacond (yearling)

. summer, If the new adult held a territory as a yeariins, he returned to
the territo;y. If the new adult held no territory qa a yearling, he moved
‘ anywher? from 300'ft. to over & mile from'his yenplipg position and

'“TWéatiﬁliihéd"ﬁétiitd&?'in an btea"hith‘fe;nr teffitotib}inaighboﬁrb"th&h B

PR i R S TR PP N —-
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gunmer range at all as yearlings, so that their tervitorfes would probably
be solected on the basis of habitat type and precence of neighbours only.
then they moved, juveniles and yearlings usually went to more open habitat

than that avound their previous positions.

The effoct of interaction on the dispersion of fcmales and juveniles

The effect of interaction on the dispersion of females was not
studied cxperimentally. This section, then, discusses those observations
that show how the positions of females were related to each othor, and to
the positions of males, An attempt is made to separate the chservations
into categories depending on whather the female was '"lone", on a nest, ox
with a brood. Lone females can be further subdivided into pre-nesting
hens, hens incubating but observed away from the nest, ond hens that have
lost théir ﬁhicks. ¥Yor come dﬁhlyseé it is assumed that ionc‘hcns scen
before July were prehatch (mating, nest-building, incubating, ete.) and
that those secn after Junc had lost their young.

When interoction was considered, the most Important point emerging
was that no evidence of any aggression between hens waa'evér uncovered.
This can be shown in several ways, ond onc set of data bearing on this
vae obtained by mapping 511 the known positions of banded females. The
resulting map sheved that, while females did restrict tﬁelr-nctivi;ics to
a qertain aren over the summers, these areas were much largeg than terri-
tories and overlapped a great deal, Females may still have spaced them-
celves by some sort of '{ndividual distance" phenomenon but this scems
unlikely judging by the observations mentioned below. 1t appeared that
the spacing of females was dependent on hsbitat selection, random move-

ments, the influence of males, or some combination of these three.
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There were a number of instances in which two or more females
vere geen together, Several pairs of hens were scen together in the
interval before incubation, two palrs were seen together during the
time of nesting (assumeq to be last three weeks in June), and several
pairs were scen together after Juna, 1In some cases broods which appeared
to have chicks of only one age were found together with two or more hens,
Usually, in these cases, only one hen would respond strongly to the calls
of the chicks, One brood was found with three hens, two of which behaved
in a "broody" manner when chicks gave distress calls. Broods were often
seen to intermingle on the range and some broods contained chicks of
obviously different ages. All these points strengthen the conciunion that
hens were not antagonistic toward other members of the population, |

The fact thet hens stayed with their chicks from the ﬁlme of

‘hatch to the time of upward migration has an obvious effect on dispersion,

The broods can be pictured as apgregations of juveniles around h female,
which move at random with respect to each other and become looser with.
increasing age of the juveniles. The location of broods was prohaﬁly
influenced mainly by habitat aelection, as suggested later, 6n this
study‘nrea the family groups appavently reméined together at Leasé until
migration started,

'&hﬁre ;aa no‘;vidéncg of any patmnnénn or-évéh yearly pqtriﬁéi

batwoen males and females in this population., Males tried to court any

“hen that came within their view or hearing., The home ranges of hens were -

much larger than the territories of males and usually encompassed several

" territories. Danded hens werc often saen near different territories at.

- different times. However, there was some eviderce to suggest that hens -

‘localized their activitics near one or two territorial males before the



57

time of nest-building and cgg-laying, The influence eof this preference
may have carricd over and caused more nests to be built on territories
than. chance would allow. In any casg, this attraction must be discussed
ﬁince-ic has an obvious cffect on dispersion of females in the carly part
of the brdnding'senaon; ;

The positions of females on the plots were mapped and this allowed
a éémpaf;son of‘female ond male locations. Since the area covered Ly
tcfritoriéa ;né known, the.expected and actual nunbers of females occurring
within tﬁrritorica could be compared., It was observed that more pre-hatch
females than expected occurred on the territories, This may have been
due to a search bias, of the type mentioned earlier, but it was also
found that broods occurred on the territories about as often as the
measurcments of areas would suggest., If no bias is iuvolved, then pre-
hatch fomales sought territories while hens with brooda moved at-random -
with respect to territorjes. It is just possible that bias was involved
despite the difference since observation of males wos emphazized in the
first half of the summers and random scarching was stressed in late July,
August, and Scptember, Another methed can be used to show this preference,

It iQ possible to compnfc numbers of females Qn control and
experimental areac, even though the plots were of difforent sizes, and
different amounts of time wnré'spcnt searching them. Table VI, below,
ahous‘th;a comparison, If the corrected percentages are cxnmincd, it is
clear that a significantly hiéher numbor'of pre~hateh females were found
on the control and experimental areas., Fewer broods wefe found on the

Very Dense area, suggesting that habitat sclection was influencing the

have been Agtraccted O territories DY che vegelLacioll ang copography ol Lhe -
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territories but pre-hatih hens were obviously attracted to the males on the

terrlitorics.

Table VI, Humber of females sighted on removal plots
aand main control plots, as compared Lo type
ol vegoatation and presence of males.

Removal plots Control plots
Very Open
veg, (36% |VOrY | open veg.| Dense veg.
of arca of|Dense (15%) (10%)
four plots) (31%)
Pre~hatch females 16 5 22 9
Broods 20 2 11 5
Hours of search
on areoa 90 31 102 53
7% of pre-hatch liens* 147 15% 43% 20%
% of broods* 30% 10% as5% 25%

% These figures have been corrected for both time and percent

of area covered by given type of vegetation, The number of

observations was divided by the no. of hours spent on the

given area and by the percentage of the total represented by

the given area. The resulting figures werc converted to per-

centages,

Some other observations and measurements show the relationship
between the positions of females and males, Hens were often found within
a foy feet of males, especially in the period from mid-April to mid-May,
In some casce the males wore banded and were scen near their usual hooting
posta, suggesting that the females sought out the malea, On a few occasions,

tvo females were found within a fow feet of the sane mnlc; Outside of this’

month-long interval it appeared that females were not 'sceking malaes ag " v T

. e e s g e e g - g Wt BT Ttk atm oLt e L e W Les e et e e e ma e e s

U bViZLY s A GUMALUY Wik & AWMl LA A HA A Mbe mdiae bhabe, RSRr) , e el e m s mese



59

interval but often the male was away from his usual centre of activity,
suggesting that he had chased the female. Males often displayed to or
chased after broody females but {n all such cases the female showed o
attraction to the male and, in some cases, the female moved away Erom
‘the male,

' Straight-line measurements of the movements of banded females
within a given summer give some informntion on the attraction of females

to ﬁgléa (about 70 measurements used). If the distances are plotted

ngninat number of days alapsed, some 'rates" can be calculatcd from the
nlopc of fitted lines, Lone females show a rate of movemen: of 18 feet/
dny, conpared to 54 ft,/day for broeds. Lf some of the broods had started
to migrﬁfe, the rate for them would malie the average too hiﬁh. Even with
';hiq_pqés;p;g bias, it seemed that lone females were restricting their
ac;ivitieé to a much smaller area., This is probably another illuégfntion
‘of their nt:racﬁibn to males. A rate of 78 ft./day was obteined for hens
_that had lost their broods after June, suggesting that these females may
start to migrate after they lose thelr chicks.
| Sightinga of banded females indicate that lone hens do not localize
their‘activi:ies around the same male(s) each summer. Straight-line
. measurements from the final point of observation in one summer to the
next sighting in another suﬁmar ghow that the homing tendency is not
necarly as strong in females as it 18 in terrivorial wales., The distances
1nvblved ﬁre closer to those of yearling males, travelling between thefr
second and third summers, The average for about 40 measurcments was 1580
£t. and there wéa no obvious .indfvidual or gcasonal variation. A rougg
mlcalculation sugaesta that ELmalea mipht hnve had a. home _range of 30-40

acres on the brccding area over the years while the beat-knoun mules
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held territories of about four acres, on the average.
From these results, it appears that intcractjon had no effect on
the spacing of females with respect to each other whother the females
vere pre-hatch or with broods, A positive attraction was obviously
involved in the dispersion of single broods around their hen., No aevidenca
of pair~bonding was uncovered. nowever,'prior to hatching, females scemed
to be attracted to males on their territorics, and nests may also have been - -
on territorius more often than random placement would allow. 1If this wao a
true preference, then the spacing and preferences of males would eventually:
determine the dispersion of the whole population in any gradual movement
out of an unfavourable area or into.a favourable one.

L.

The effoct of habitat selection on the disnernion of fewmales and juveniles

The precédiﬁg aecﬁion'nﬁﬁéudlﬁéﬁ fﬁépiéﬁhtion of fcmaleébﬁrior tb
the hatch was influenced by the location of territovies. Appareatly,
interaction had little ef£fect on the location of females or broods apart
from this. These data suggest that the distribution of females and chicks,
if it hos a non-random basis, must be determined by nabltat preferences.
These preferences are examined in this last section of the Results.

The best data for showids a selection of hnbitag is the typc.giVEP '
in Teble VII. The corrected percentages indicated tﬁat broods were foupd:’
using Very Open, Cpen, and Dense types of vegetation in roughly cqual
numbers, with the Open'typﬁ showing slightly more use, - The bfoodé-bppnr-
ently avoided Very Dense vegetation, Similafly{ pre-hnfch femnlésiuacd .
open vegatation significantly more than denso (57 vorsus 43%). Fieldnotes

. suggested that, as with males, a number of the lone fomales and broods

found on the dense plots were in or beside clearings. It can be teatatively
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concluded that females prefer open habitats over denser oncs for most of
the breeding scason. Thaere were not sufficient data to test the locations
of nests or fomales that lost their broods, in thie way.

The romaining paragraphs will present descriptions and comparisons
based directly on fieldnotes and analyses of vegetation., Where comparisons
arc drawn using the four main types of habitat, it must be kept in mind
that thogse did not oceur equally over the study area, The obs?rvqtions
used below fell, with a few execeptions, within an area that could be split
as follows (omitting any minor types of habitat). Very roughly, 40% of the
area was covered by Véry Open vegetation, 25% by Open, 25% by Dense, and
107 by Very Dense., The paragra;hs discuss the positions of lone females, nests,
incubating fcmales, and, f£inally, breods.

The positions used by lone fcmales, whether pre- or post-hatch,
seamed to be much the same as those used by silédt’mnloél"nﬁnrc ffbm the
choice of open vegotation, the only preference that may have affected
their disporsion was an apparent choice of moist areas ~ stream-edges,
slougha, sedge areas, or mere depressions with damp soil and above-average
cover by ground vegetation. About half the pre-hatch, and 407 of the post-
hatch females that were found alone occurred within a few feet of such arcas,
Some 80 measurements done in the f£ield showed that lone femnles were found,
on the average, somewhat lesg than 100 ft. from such places. The bame
ncasurement was made for 68 random points (thosec uaed'in.tho section
describing tercitories) and the average distance here was 130 fr, 1t
"appeared that lone femaléa fﬁvoured moist area., cspecially within open

habitat, either for plant food found there, the shade offered, or the
'";gw.t';;;;'EQQ;i;Lig;"‘ o .

Data were obtained from 31 nests and, again, opén vegetation was
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favoured, Of 29 nests properly described, 27 were in Open or Very Open
habitat and the other two wore in Densa. The 27 were split about cqually
between the two open types, suggesting that the Opeun was favoured since
it covered less of the study area., The small table below suggests why

Open might be preferred over Very Open for nest-sites,

Table VIII. Comparison of cover at nest-sites with cover

in Very Open and Open habitats (from quadrats
described earlicer).

Habitat type
Factor being compared Nest arca {Open) (Very Open)
Coniforous cover 21% 1% az
Deciduous cover 20 15 12
Ground vegetation 42 20 21
Bare ground and rocks 26 17 24
"DuL £ 49 73 68
Logs and stumps 18 12 12

The comparisons suggest that, once within open areas, hens located
their nests in aites with better cover than random placement would give.
The significant figure is probably that for cover by ground veget#tion.

It is also intereeting that cover by logs and stumps was higher, aad cover
by "duff" (deod plants, moss, litter) was lower than would be expected,
The actual positions of the nests bear out these points. Eleven of tﬁc
nests were under logs, three others were beside fallén logs, and several
vere within clumps of salal or bracken. HNests were often under the cénopy
of a conifer, where these were available, and the degrce of ovgrhend'cover
was very high (B7% average for 16_m¢asurtmantn). Nest positions showed no
cbvious relation to water or #lope, nest material was available sverywhera,

and logs and roots with spaces underneath were abundant. All these points
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The «nly dote which can be given for incubating fewmales is that
obtalned froa the locations of “clocker droppings" passed by the heuns
while chey were off their nests (described by Bendell, 1954). The positions
of those show where incubating hens were feeding, watering, and dusting. A
fow observations indicate that these droppings way also bLe passed during
the f£irat fow days of brooding.

About half of some 50 droppings were found beside or in wet areas
and on sitecs baving cspecially heavy cover by grass and herbaceous speccies.
The sites included Carex patches, creeck and beaver pond ciges, and other
nolst arcas with ground cover. A fevw were found near dustbaths which were
grnerally in patehos of sand, dry earth, or powdery dead wwod, A few others
verc found on stumps und may have been left clther by hens flying by stages
to their fcedihg arcas or by hens sheplierding very young chicks, Almost
all the others were found on old logging grades and {irc roads. It way
obviously casier to find droppings here but it scemed significant that
the roads used most frequently were invariably those showing a good cover
by Trifolium spp., Hypochaexis xadicats, Fraparia spp., ov similar plants.
Incubating hens, then, scemed to make use of arcas with especially heavy
ground vegetation while they were off their nests.

Large quantities of data were obtained on broods since these were
casier to f£ind than lone fcmales. Again, a preference for apén vegetation
wvas apparent, The most uscful data were collected in 1962 when components
of cover siere rated for 104 broodsiten. Some averages from these descriptions
were: S7% cover by ground vegetation (includes logs aad atumps}, 25% duff,
and 17% bare ground. Comparison with Teble VIII shous that the {ivst two
';fé siﬁé&fﬁﬁﬁﬁ;ijwhiffereht fr;ﬁ the figures‘gi;en.foé bbﬁdAhaﬁithﬁs. Bruods

© must have gecurred more often in-areas with heavy cover at ground level than
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chance would allow., The duff [lgure could be explained by assuming that
younger broods avoided arcas that were choked with dead plants and litter.
Some further analyses can be given to illustrate theae preferances,
The table below gives a rough breakdown on habitat at 244 braodsites. The
categories are quite gencral because various methods were uscd to describe
the habitat, deﬁondins on the observer.
Table IX. Approximate classification of habitat at 244 broodsites,

Open types of habitat « 807% of broods
- a8 in Very Open plot: 36%
-.a8 'in Open-plot: 19%
- a8 in open plots but showing cspocinlly
heavy coaver at ground level: 16%
- within treceless open areas: 9%

Dunae typos of habitat - 6%
- as in Dense plot but with some openings: 24
= heavy cover by conlfers: 2%
- heavy deciduous thickets (alder, Rubus
Parviflorus, Sambucus pubens, etc.) 2%

Other typaa of habitats
= dense patches of bracken: 8% *
- sedge (Carex spp.) areas: 2% *
= heavy cover by fallen logs: 4%

* these were within open habitats or in
clearings in dense habitats

When these figures are. compared with the fractions of the study

area covered by each type of habitat. it is clenr thnn open arcas were

favoured (90% of broods versus 65% of nrca, toughly) About 15% of these
broods were immediately beside a moist arca. and :incq this may not always
have been mentioned, the porcentage mey have been higher than 152, The

ages of chlcks in alwut 60% of the broods used in Table ™ were estimatcd. 

Broods containing chickq 1uas than a week old were Eound almost exclusively o

one in an open arca covered by log tangles, and one in heavy deciduous

in areas of sparse vegetation (17 in open hahttats, one in a bracken patch,
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vegetation), This choice wan obvious for broods of one to three wecks,
as well (20 in open hnbitqts or arcas of bare ground, Four in bracken
patchhs, one in a log tnnulej. ‘Broods having chicka over three wecks
used more tyﬁen of haoit.t but still fovoured the open. This category

showed vnrylatrqng use of sites within open habitats that were welt-

_ vegetated at tha ground level. Only 2% of all broods were found in

: vpgdtation that could be called Very Dense and about 3% were found on

\nitos that would be called Dense habitut, The use of open habitat

geemed to be more definite in broods than it was in lone females. More-

over, the sclection seemed to bo strongest in broods having younger chicks.
An attempt was made to compare the occurrence of plant species

at broodsites with their occurrence on open habitats, After the percent-

ages were corrected to allow for the difference in size of arca nampled,

1L appeared that some species did occur mere often at broodsites. lMost

p*ominent were Mahonia, Anaphalis, Hicracium, Vnccinium and Achlys species.

The berries of Mahonia and the buds and leaves of Nieracium were probably
important foods for older chicks, as the leaves of Anaphalis may have
been. Vaccinium might have been used as a food plant but this could be
nﬁ instance where the size of the individual plant compared to the quadrat

slze of one square yard gave a falsely low figure for the open plots.

Similarly, the figures for Achlys on the plots were likely low due to

the enrly appearance and wichering of this annual, especinlly on the open
plots. Snme other species showed up more frequently in the br~odsite

analyees - Lysichitum americanum, Eguiaetum arvenae. and Polzstichum

A “munttum, for cxample. Thcrc 'ie a-scurce of error- in these cases since---------

. . ﬂ---'-m&n“ e than -i—-o-a -eenp - u--l l-o-arl ‘na- kn-‘nn nl-urwh-n'l whon- H\pu Wa e
- Ve s RN -

- Wt e s - U

locnted 1n_n marsh or bog area. However, since brpoda often ocgurred‘in

Perg A e e em e e e ma .
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areas with widespread ground vegetation, thesc marshy apecics would be
expected to show up moro often at broodsites. From this, there is some
indication that the disperaion of broods may have been partly deﬁermtned
by the presence of food plants. ) |

For about 90 broodsites, the distance to the nearest moist nren
vas measurcd in the field. As with lone femalos, the uvernge here was R
about 95 f£t., compared to 130 ft. for a set of rundom poincs. From pre- f”:
ceding paragraphs it appeaxs that older broods, at leaac; Eavoured aféas
with especially heavy vegetation on the b'ound. Moist arcas ng; e were ‘
probably not important to females and juvenilea but such arcas would |
show lush vegetation, and apparently this was wha: nttrncted the broads.f
There was no shortage of such spots on the Middle Quinsam range but on -
some breeding areas this might become the most 1mportan£ factor 6e£er€
mining the-diapersion of fém&lﬁé aﬁ&-éﬁiék;;N ﬁiﬁﬁugﬁé‘;oﬁéieii;ﬁwgéfln'
this section it is clear that all grouse favoured habitats with sparse
vegetation while on the breeding range. Bayond this, thq location'of
broods appeared to bq governed by the denqity of Qegctntion at the gfoupd

level, the amount of littor on the ground, and possibly by the presence

of certain plants,

e e A bty

e vm—— a g b
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DISCUSSION -

In this discussion I first review the material given in the Results
to Bdé ;:f ‘t agrees with or differs from the work of other investigators.
Subjects are discussed in the order in which they wera presented in the
Results and some comments and speculations are presented in tﬁ; review, 1
digress slightly to discuss the cffect of dispersion on the rigulation of
breeding numbers, using mainly the experimental results, An w:tempt is
then made to integrate all this information inio an overall picture of
dispersion on the breeding range. Finally, some comments are given on the
ndaptlvé significance of these processes,

The hooting of males has been used as a criterion of territorial
behaviour in mos’. studies on coastal blue grouse, This polnt should be
discussed since thare was little evidence in this ;tudy"fﬁ'ﬁhow Ehht”.
hootiné alone kept males apart, Hooting was performed almost exclusively
by males that were localized on a given area and it appeared that any
other males found on these arcas were silent and presumably non-competitive
because of immaturity. The mechanisms causing the observed spacing in
rasident males must have been threat displays, actual fighting, or avoid-
ance of other males secen or heard. Hooting could have serqed to space
wales only 1if the last possibility was the most 1mportanﬁ one, since
agonistic patterns of behaviour and hooting were quite distinct From each
other. However, the correlation betveen hooting and tﬁc fidelity to an
exclusive area was almost perfect. This suggests thﬁt, although hooting
may not have been used to establish a territory, it was perforacd only

bj nales that were on territory, o

~ The trend toward uniform Spacing'qhawn by territorial males

resembles that shown by Bendell (1954, 1955). 7This is apparently the
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first tlme that nearest-neighbour analyses, developed first by botanists
(Dice, 1952; Hopkins, 1954), have been applied to an animal of this kind
and there arc some obvious weaknesses. Tho method does not allow for the
instantancous positions of birds but, since males focused their activities
around a few central points rather than at the cdges of their territories,
application secemed wortiwhile. The absence of any "boundary patrolling".
suggests that the uniformity wes a result of recognition and avoidance of
neighbours, in the manner sugpested by Lack (1954).

Territories were larger and more variable in size than those
measured by Bendell (1954), indicating that size of tarritery was Laversely.. -
proportional to density of torritorial males. For example, bettcr-knﬁﬁn
territories on the Middle Quinsam range were 3.7 acres on ;he average for |
a density of 0,15 territorial males per acre, On Bendéll's (1954) study
area the average for better-known territofias Qnsml;S acreg, éﬁelaénsiéy
being about 0.4 per acre, It is interesting that males in the dense
population showed an even closer return to territory in succeeding years
than that found here, The indications are that older males were never
driven from their territories by younger oner, #nd that uvoidnncc'cnusqd_

a more rigid pattern of spacing to develop in the dense population. Either
interaction was never strong cnough to affect established terfitories or
older males had an advantage in prior knowledge of an areca or earlier
arrival on an area.

This study &cemed unique in showing at least a small fraction of
yearling territory-holders. Again, this is probnbiy dependent on density
since Bendell found only one hooting yearling in three yearé.of study. _ o
ABonn tl&ﬁh) recordcd no veurlinga holding tetritory in. his pOpulation __"wmgu; '

and felt that yenrling males were forced into marginal habitnts by the
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intolerance of adults. Although adults provented some ycarlings Crom
establishing territory on the Middle Quinsam area, there was no avidence
of aviction or increased mortality in these yesrlings., Some yearlings
probably did not descend to the breeding vange but it {5 unlikely that
the fraction here was ns high as that suggested by Bendell (1954) or Buos
and Schottelius (1954).

Exporimental work confirmed that all the adults present were
holding territories and contributing to the uniform spneing.' The only
alternative which cannot be dismissed 18 the possible expulsion of some
males in April before extensive. fieldwork was under way. This scems an
unlikely poaaibility sincé woandering adults were never found outside of
the period of migration, and since a high number of banded yearlings were
recovered on terri:ory in the year following their banding. Also, a good
deal of space in open -habitats was never used by males, and males were
knpwn to use a smaller area in seasons when they had closer neighbours,

A short-term femoﬁal experiment on a more dense population (Bendell, 1954)
gave rcault# similor to this study edcept that thexe was no replucement

of territorial nalos by yearlings. Bendell'a population apparently had

the highest density ever rocorded for blue grouse so it seems doubtful

that surplus groups of adult males arc a feature of blue grouse populations
on their‘brceding ranges. As might be expected, interaction in the more
dense population first affected the behaviour of yearling males. Whéther
the interaction asgociated with even higher numbers would lead to more use
of emptied areas in succeeding years is still an open question.

Tﬁcvééleétion of open eiﬁ&éfed'nféhé'fafniégilédriaﬁkgﬁd the choice

OL SPOLS WiLOID L LUCLLLULY - LUL HUULLUYE GlU Uho|ildayaslll alu SLualal o l.;l.u;

. findings of otliev workers. However, the clear choice of habiltat by ycarling
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males has not been noticed or discussed before, The use of clevated arcas
for hooting has been mentioned by Caswell (1954) and Schottelius (1951) while
Edson (1925) and Steinboff (1958) have commented on the correlation between
height of land and local occurrcnce of blue grouse, Boag (1965) showed that
territory seclection in his population could be correclated with density of
vegetation (favoured spots having about 50% canopy cover) but not with plant |
speciea., Bendell (1954) studied the vegetative structure of territories

uand pointed out that rervitorial boundaries were not limited by types of.
vegetation, The present work agrees fairly well with both thene ntudiaﬁ_
cxcept that the presence of Very Dense vegetation did secm to deteraine

the boundavles of some tervitorics, Use of open arcas wi’‘hin dense habitat
was also noticed by Hecbner {1956). Descriptions of hooting sites within
tervitories covrespond well with those mentioned by Bendgll (1954) and

Blackford (1958, 19063)., These preferences scent to be shoun by males in a_
,"_‘.1"‘ . 4
number of populations, both of coastal and interior races,

Apparently the extreme opeoneas of the habitat caused some groups
of wales to develop a type ofF behaviour showing some points in common with

the communal behaviour of the "prairie" grouse (Lyrurus tetrix, Tympanuchus

cupido, Pedioccetes phagignellus, and especially Centrocerus urophasianus), °

djscussed by Ammann (1957), Hamerstrom ond Hamerstrom (1960), Hart ut.ult
(1950), lohn (1953), Scott (1950}, and Wynne-Edwards (1962), This bears out
the supgestion that the type of breecding display in tetraﬁnids can bu
influenced by the type of habitat uscd as breudlpg range:(ugffmaﬁ; 1956).

In dispersion and habitat, Dendrapapus, Tetrao (Koskimies, 1957).‘nnd

Canachites (Lumsden, 1961)“5pec1c3fnrc‘prcbnbly"in;ermediapé‘bctwccn-~" e

et P bnete Poosmem mavals can P v ane subalVare  Newane- =TRSO, "’Hn‘-“‘nqn-"unlmnv" - e
e e meey . ———— f R - .o -

1961) and the "lek" or communal forms mentioned sbove, The fact that
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interior races of blue grouse, using grassiond or nther very open arcas

for breeding, show a tendency to use communal display avcas baare out the
present oboervations and supports the thesis of Hoffmaun., Coastal blue
grouse are obviously closer to the solitary fourms and show no use of any
traditional display grounds. The "groups" here probably represent clusters
of territorics around a favourable area, as suggested by Koskimies (1957)
and Svardson (1949).

The fidelity of juveniles to their natal area han been the subject
of argument in the literature. IS appears now that most authors would
support the suggestion made here, that juveniles disperse widely between
their first and second summers (Bauer, 1962; Bendell, 1954; Boag, 1905;
Musschl, 1960). 1t must be pointed out that the assumed dispersal
tendency could have resulted froa incorrect assumptions about the mortality
of juveniles, The few data available suggest that chicks do not rcturn to
the same habitar as found at their area of birth. The unique data from
this study on movements of yearling males show that the locations of males
became more localized with increused age up to adulthood, depending largely
on when the males took up terrigory.

Lack of aggression between hens scems to be a property of all
breediang populations of blue grouse. EBendell (1954) mentions one case
of apparent hostility between hens and I have found no others in the
literature on free-ranging populations. If hens met often at feeding

and dusting areas, or near hooting males, one might expect some sort of

~ domlnance pattern to arise. This may have happened but, because no fighting

was observed and hens were scen together on occasion, it seems more probable

that hens merely ignored or avoided cach other when they met. Other authors

- have noticed intermingling of broods, as well as lone hens tvavelling with



by « _mam

2w A

brooda, and have presumed thet asdoption of orphancd c¢hicks would occur

(Bendell, 19545 Fowle, 1960; Musaehl, 1% ; Wing et al, 1944).

Very litcle has been published on the habitat preferences of females
prior to nesting or during incubation. Nest-sites have boen studied in a
little more detail and the only featurc cemmon to all roports is an apparent
preference for open habitat with logs, stumps, or low vegetation as cover
for the actual site (Bendell, 1954; Caswell, 1954; Mussehl, 1960). Various

workers have related the locatioa of broods to such factors as presence of

certain plants (for example, Amelanchier or Ribes spp.), nearness of free -

water, ovr to the degree of coverage by vegetation (Bauer, 1962; Bendell,
1955; Marshall, 1946; Mussehl, 1960 and 1963; Wing et al, 1944). Certain
plants may have helped determine the dispersion of broods here but they

were not the expected fruit or berry-carrying species, COVErége by

vegetation was apparently very important, and this agrees with other studies., - -

1f the "free-water" areas of other authors showed heavy surrounding veget-

ation at ground leval then this preference would be comparable to results
glven lere.

It is useful to question whether ény of the factors affecting
dispersion might also have limited breeding numbers. Territorial behaviour
secemed the only E#ctor capaﬁle of doing this. i have auggeé:ed that tﬁe
failure of many yesrlingsto hold territories Qas as much due to their
immaturity as to the influence of resident males. Terrttoriuixhy would
limit productivity oﬁly if both sexes were nonogamousAand hens were pairing
c?clusively with ccrritorial males. This was nat the case and nhcre was no

cvidcnce o£ nny 1ower£ng o[ nenting ot rcnring success by thc nctivities of

males, Since males took wo part in the defence of femalea, nests, oy chicks,

territorinlity appnrently served only to isolate males sufﬁiciontly to
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prevent any interference with displaying and mating., This function has
been suppested Cor other species by a number of authors, for cxample -
Lack (1939}, Nice (194;), Pitelka (1959), Tinbergen (1256), 1t is very
uniikely that interaction on this breeding range was having any regulatory
effect on density as suggested for othor species by Choate (1963), Jenkins
(1961), Jenkins et al (1963), Kluyver and Tinbergen (1953), and Tompa
(1962, 1964).

On this breeding ranpge, what overall pattern of dispersion is
revealed when both sexes and all age-groups are considered topether? This
is best described by considering the pattern found in favouvrable habitat,
and then that found in unfavourable habitat. The dispersion over fuvourcd
arcas apparently took the form of smnll groups of Lirds spaced in a near-
uniform distribution, each group cousisting of a territorial male plus
any yearling males and lone females that were actracted to him, The two
latter types probably shifted from group to group, although the females'
positions would soon become fixed by thedr nesting. Midway in the scason
another pattern involving aggregations of birds was superimposed on fhc
first, the groups here boing broods (with their females) moving randomty
with respect to ecach bth@r and the males. Later in the season the near-
utiform pattern began to break up as males migrated., The pattern visuval-
ized s on idealistic one since groups would consfnnhly be‘breaklng and
veforming as birds moved to their individual fecding or roosting areas,

On lass favourable arcas the dispersion probabiy took the form of
randomly=-located molen, the spacing having changed due to attrition and

movement of remaining males to any nearby remnants of favourable habitat.

As the area became less favourable the yearling male, and then the female

and " Juvenile components would disappear through the action of habitat
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sclection and possibly mortolity,

Thege patterns of utilizatioun secer adaptive when the nature of
the hebltat {us considered., Coostal forests which have been logsued or
burned by fovest fires must be near-optimal brecding range judging by the
population expansions and high densities that occur there, The dispersal
of juveniles, the habitat preferences of ycarling males, and the tendency
for lone females to occur on territories trould aliow blue grouse to make
rapid use of open areuas made availabie to them. The stabflity brought
about in some species by pafv-bonding and expulsion of certiin members
would scem ill-adapted to a situation colling for quick setrlement amd
expansion of numbers. One might expect to £ind no pair-bonds, no surplus
birds, and no unmated females in such a situation, N o

HMoat of the favourable habitat available ko these birds would
eventually become unfavourable through regeneration and succession.
Aldrich (1963) and Brooks (1926) wmention the usc of natural openings in
mature coastal forest by the fulipinosus race, At times these openings
and ridges, perhaps together with alpine aveas, would be the only breeding
habitat available, The r -eference for open and clevated aveas shown ‘hy
territorial mwales would be of particular value at such times.. Large
open grens are constantly appearing in coastal forests through the action
of fires, slides, and human activities., 7The blue grouse of the Eﬁrésgg o

seem t2 malutain themselves by quickly exploiting such arcas.
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SUMMARY ANID CONCLUSLIONG

An attempt has been made to analy:ze the disporsion of a population

of blue grouse (Dendrapgapus obscurus fuliginosus) on its brecding range on

cast-central Vancouver Island, To do this, grouse were observed and banded
over an area of about five square miles, the preatest effort being concen-
trated on a number of plots set in different habitata, The effect of intra-
specific interaction on dispersion was ctudied by examining the density,
behuviour, locations, and movements of males, females, and juveniles. The
effect of habitat sclection was studied by comparing numbers .nd locations
of bixrds in open and densc habitats, The influence of bot!: these factorn
on the dispersion of males was investigated by removing males from plots in
open and dense habitats starting at the beginning of cach breeding scanon.
Interaction had soma pronounced effects on the dispersion of males,
All the adult wales and o few of the yearling males were torritorial, and
this group approached uniformity in their distribution, Within a given
scason, males removed from their territories were seldom veplaced by other
adults supgesting that no surplus of non-territorial adults was present.
However, the experiment showed that about half of the yearling males werc
prevented from cstablishing territory by the prescuce of territorial males,
and that these ynnrliﬁgd were attracted to the Qicinity of territorial
males, Removal also showed that the location of territories by newly-adult
males did not depend noticeably on the number of territorlal males already
present on a éiven area, even though the tendency toward uniform spacing
vas preserved. Comparison with other studics indicated that the sizes of

"thrr}torien and boésiblf the fraction of &chfilng'mﬁiés in'tﬂé-boéﬁlafién

vore inverscly proporcional Lo the denalty of terrictorial males.



76

Females restricted thelr activities to a givew area while on tha
breeding range but they were not territorianl, FPrlov to nusting, females
apparently ctayed near territorial males but there was no sign of any
lasting pair-bonds. After the time of hatch the positions of females and
broods bore no rclation to cach other or to the positions of wales.

All birds, ycarling males particularly, showed a preference forl
open types of habitat rather than dense. This cholce was confirmed by
a decline in numbers on the study plots in the most dense Lype of habitat.
tthen compared with randomly chosen points, territorics were fuﬁnd more
often in areas with spavse vegetation, elevated points, an? patches of
open ground, Within open habitats, nests were usually located where
cover by logs, stumps, and ground-level vegetation was higher, and cover
by dead plants and litter was lower than normally found in these same
habitats. Broods, although found most comm;uly in spnr#e hﬁbicaéa;
vere associated with moint areas and other arcas laviag heavy cover by
vegetation at the ground level,

There was some evidence to suggest that juveniles dispersed
widely between their first and gecond summers., In thelr third (Lirst
adult) swwmer males usually rceturned within one-half mile of the positions
they ved as yearlings. Once territories were establishcd, the adult (or _
yeariing) owners returned very closely to them in auécecding summers,

Pomales past Lhe nge of one year showed some fidelity to their ecarlier
locations, the closcaess of return being about that of new adult males.

The diepersion of the population con be described, r;thér arti{ficially,
by considering the birds to be in two types of aggregations, A and B, Type A
_ groups were distributed somewhat uniformly, consisted of territorial males

plus other birds that ﬁere attracted to chem; and were the major groupidﬁs
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during the first half of the breeding scason, Type D agprepations uvere
broods, woving randomly with respact to other bitvdu, but holding to a
home range from the time of hateh to mipration. The habitat preferences
mentioned would cause the density of these groups to vary over the
brecding arca. As arcas grew unfavourable, members of thu groups would
drop out until only the older males remained.

Results on movements and choice of habitat suggest lLiow blue
grouse might move into newly-opened areas in the coastal forests. Many
features reclated to the dispersion of the population secm to be adaptations
allowing grouse to use rapidly-changing habitats, Among the:e are the
dispersal of juveniles, the choice of sparse vegetation by yearling males,
the tendency for hens to stay near territories prior to nesting, and the
lack of any fnteraction within the summer population that might cul down

productivity.
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C i P W A v 5 B

“ - - 25.6 1.8 00“ lglo 78'8
15.2 19.6 2,5 15.0 14.8 2643

- - - al.l1 0.7 2.6 11.5

- - 36.4 1.1 5.8
23.1 5;2 42.1 2-1 500 504
40.5 1.0 2109 30“ 2500

Douglas fir
cadar

hemlock

pine

willow

alder

Vacecinfum

salal

brachen

logs and stumps

rFrouCs>xnRoOm
£ 0 3 0 3 2 2t 2

X included under aldar ir this case

14,1
30.7
15.9
30.1
“0.?

3.2

Included under Douglas f£ir in this case - -

Any line or quadrat that fell within an area shbwing
atypical vegetation {peat bog, alder grove, cte.)

was omitted from these tables,
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Positions of hundred-foot

lines used for analysis of vegetation
on study plots, 1962.

n o2 D2 03 4 s [T
1 2 3 4 5 S L 16

s 1 8 9

12 13 14 28

Very dense plot Very open plot

Dense plot Open plo:
15 14 13 12 11 [10 9 8 6 |
pAh oz nes 8 8
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6 1 9 10 1 2 3 4 3
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Appendix 2, The occurrence of certain plant groups
and specics on quadrats located within
the study plots,

Totol number of quadrats

Percentape occurrence of:

All coniferoun species
All deciduous apeciea
Douglns fir

Red cedar

Western hemlock
Pinug species

Salix speeles

Red alder

Vaceinium specica
fIracken

Salal

Mahonia specics

Anaphalis margaritacea
Rubug wvitifolius

liypochacris radicaca
Hieracium spaclias

Achlys triphylla

* based on 41 quadrats rather than total given

Open
plot

¢ .

63

7%

73
57
17
44
70
6%

1

Very
open
plot

n

32%

Vory
dense

plot -

60

Denae
plot

68
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Appendix 3, Total number of hours spent by nll observers
on study plots, 1959-1962.

(Figurcs represent totals up to the end of June
for cach year and are rounded off to the nearcet

hour.)

1959 1960 1961 1962 Total
llours spent ont
Open contxol plot 9 15 18 60 102
Very open removal plot ] 14 3 68 .‘ | 20
Veory dense removal plot 2 14 3 12 31
Dense control plot 15 17 3 | is 53
Plots (main controls) 18 23 29 - 11
Plots (removal) 17 19 44 14
Plots = not known specificallyl? 18 14 11
Total control 42 55 50 89 236
Total experimental 24 47 50 - 94 215

fotal for all plots 83 120 114 194
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Appendix 5, Comparison of vegetation and topography at

knoun taveitories and randomly-chosen points,

1962, (t'umber of samples {s givea in bracketa

for cach category.)

Foeaturo studied
Type of vegetation

= very open

- open
dense
very dense
mixture of two of four above
other type (alder, swamp, etc.)

Cover by trees and shrubs
Cover by ground vegetation

Dispersion of trces and shrubs
- spaced fairly ovenly
- slightly clumped .
- in clumps or patches
- thickets or patches caused
by road or grade

Topography
- top of plateay, knoll, or hill
- steep slope, hillside
slight slope .
flat
in slight hollow or depression
in marked hollow or dopressien

Mecan height of trees

(75)

(75)
(75)

(74)

Territorics

574

20

16
1
5
1

41%
25

45
20
27

8

os)

25%

52

12
8
3
0

(68)
(65)

(c0)

-(68)

51% Not sig.

Sig.

(75) 10.2 £¢,.(68) 11.8 ft.

* Differences tested for significance at 5% level by chi-
square test,
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Ar  adix 6. Approximate analyses of some vegetative aud
topograpliic components at positions of hoot-
ing and silent males (bascd on 172 observations
of hooting males and 130 chservations of sil

males).

tainly coniferous cover

Densc cover of willow {often in thichets)

Sparoe cover of willow (as in vary open zones)

In definite treeless clearing
Alder thicket

Dense bracken cover (later in year)
Dense fallen log tangles

Swamp edge, creck or slough arca

Grade or vroad edge

Kioll, clevation, mound
Under conifer
On log or stump

Reside (under) log, sotump, root

Hooting

21%

9

15
11

15 .

12
19

15
12

ent

12
..ié.

- none noted

19,
3
s
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Appondin 7. getimation of ggg‘mulcu on nine control
plots in Vary Open, Open, and Denaa hobitat.
See section comparing control and exporimental
arcas.

Aosume 25% mortality rate in maleo.
§ituation in: 1959 - 24 males presont '

5 males accidentally killed
apply 257 pate to 19 males
agsume 4 roturn in 1960

1 s ¢

1960

32 males prescnt
- 32 less 14 gives 18 new malcs

4 males accidentally killed .
. agesume 21 retuxn in 1961

1961

31 mgles_prcsgntv e
- 91 less 21 gives 0 new males

a——

agsume 23 reéurn in 1962

1962 » 33 males present
- 33 less 23 plves 10 new males

Total nuaber of new males by ‘this method!

a8 €or three breeding §easons
over nine study plots
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Appendix 8, Calculation of death rate for banded adult
males, A fow silont males that were banded
Llato in the breeding scason {:ave been omitted
from the caleulation.

Adults banded in 1959 25 ape 2 years "plus”
Returned in 1260 22

Left alive in 1960 ’
(1,c., not colleected) 21 age 3 yeors "plus”

Males from this group
returned in 1961 (none

collected) 18 age 4 years “plus"
Males from thie group :
veturned in 1962 14
Adults banded in 1960 a1 age 2 years Mplus”
Returned in 1961 2 o
Left alive in 1961 21 age 3 years "plusg"
Returned in 1962 13 - :
Adults banded in 1961 28 age 2 years "plug"
Returned in 1962 17 : e
Total banded in 'two year plus' group - 84 males
Total returncd out of this group - 63
Death rate for the intervening year - - 25%
Total banded in 'thfeu year plus' group - 42
Totol returncd out of this group - 31
Death rate - 26%

Total banded in 'four year plus' group - 18 -
Total returnecd out of this group ' . e LG
Death rate ' L e 229

Overall yearly death rate upproximutel& }},25Z;

———_  Aitiansn — —
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